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ABSTRACT 



An apparatus for checking linear dimensions or me- 
chanical parts comprises a bed, a longitudinal slide and 
two transverse slides arranged on the longitudinal slide 
and carrying relevant sensing elements adapted to 
touch the part to be checked. In order to obtain flexibil- 
ity and quickness of operation, first and second refer- 
ence rests for relevant parts are positioned on the bed 
and the transverse slides carry sensing elements having 
an arrangement substantially symmetrica] with respect 
to a transverse symmetry plane. The apparatus is partic- 
ularly suitable for checking parts after a first and, re- 
spectively, a second n 
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plurality of parts, positioned by mechanical reference 
APPARATUS FOR CHECKING LINEAR means. 

DIMENSIONS In particular, German Pat. No. 1 101777 describes an 

« . apparatus in accordance with the preamble of the first 

BACKGROUND OF THE INVENTION 3 clZ comprising a rotary disc-with mechanical refer- 

1. Field of the Invention race means for positioning a plurality of parts, of differ- 
Tbe present invention relates to an apparatus for cnt types, in correspondence with the periphery of the 

checking dimensions of mechanical parts, comprising a disc— and a plurality of stationary measuring stations, 
support base, first and second reference rests, for me- The parts are displaced to relevant measuring stations 
chanically positioning first and second mechanical 10 through step by step rotations of the disc, 
parts, measuring units coupled to the support base for This known apparatus is not flexible as far as the 
checking both the first and the second pans and driving measuring means are concerned, because every station 
and control unfo adapted to cause a mutual displace- is adapted to check a determined type of part. There- 
ment between the measurmg units and the reference fore> ^ apparatus does not meet fte requirement* 
rests for achievmg ; a mutual poahomng between the 15 necessary f or tDe abovedescribed applications, 
measuring units and the first and second parts. 

2. Description of the Prior Art SUMMARY OF THE INVENTION 

dustry.norD^yare: subjected to subsequent m^binii ™ me " u ™* *PP^«" that, besides guarmitecmg high 

operations in the same oVmore frequStly, nVdHi "peatabflrty. * very flexible and fast and 

mnchi rf tools, has limited cost 

In particular, with reference to turning machines, According to the present invention, in the apparatus 

although the modern lathes for mass production are ' forth at ^ beginning of the disclosure, the first and 

very broadly automated and at the same time flexible, 25 *ec°nd reference rests are arranged in positions substan- 

due to the use of computer numerical controls, auto- ^ fu<ed with respect '° tne support base and the 

matic systems for part handling and tool replacement, measuring unit comprise a first slide movable on the 

rotary tools and also, recently, automatic systems for support base, at least a second slide movable on the first 

jaw changing, very frequently machining operations are sli de, first sensing unit arranged on the second slide and 

performed, in which a first part is loaded into the chuck 30 transducer unit adapted to detect the positions of the 

of a first lathe— that grips it at an end— is machined by first and second slides, the first sensing unit being 

this lathe, then is unloaded and loaded into the chuck or adapted to be arranged is a position substantially sym- 

another lathe that grips h at the other end, in order to metrics] with respect to the first and second reference 

machine the part in correspondence with the portion rests. 

previously gripped by the chuck of the first lathe. Of 35 The invention solves the problem of checking, by 

course while the second lathe machines the first part, using the same measuring unit, parts of different types 

the first lathe machines a subsequent part, and so on. arranged in different mechanically referenced positions. 

It is also known to use— in view of the trend to re- Through an apparatus of this type the following re- 
duce the tolerances of the machined parts, to automate suits and advantages are achieved: the apparatus is par- 
the operations consequently diminishing the number or 40 ocularly suitable for checking parts undergoing a first 
operators or eliminating them, and to shorten the cycle and a second operation in two different lathes or on the 
tmcs-mcasunng apparatuses for antomatically check- ^ ktbc (h^g a m a double spindle). In the 
nig the dimensions of the machined parts. In particular, ^ of operations on a pair of lathes, the 

parts maebned m lathes as far as internal or external 45 rabstonliaU y syrflmet ncal with respect to the two lathes, 



diameters, thicknesses, longitudinal distances, cylin- 



dricity. etc. are concerned " ' ' this rendering easier the workhandlbg operations. The 

Usually, these apparatuses are served by the same measu ™« 7T^!Il an a ™ n * a » eat « location 

automatic vworkhaXg systems that serve the lathe ^^tncal *tth respect to first and second reference 

(pallet conveyors, robot gantry loaders, etc). 50 ^ts for relevant parts and tlus « advantageous for 

Since the modem lathes are adapted to ma- q^cldy bringing tb* measuring unit into cooperation 

chine— depending upon relevant programs loaded into ,be ^ located °" tie ** ■«* referent 

computer numerical controls— parts of different types restSl symmetncal arrangement and location per- 

with very short cycle times and in view of a rising trend the use of simple kinematic elements and contribute 

towards batch machining, important features or the 55 w &e accuracy «»d repeatability of the apparatus, 

post-process measuring apparatuses are the flexibility, BRIEF DESCRIPTION OF THE DRAWINGS 
i.e. the capability of checking different parts without 

the need of complex operations for retooling of the ^ invention will be now more dctailedly described 

apparatus, and the quickness, in addition of cour- with reference to a preferred embodiment illustrated in 

se — to high accuracies and repeatabilities of the mea- 60 the annexed drawings, to be intended however as an 

surements. example only. 

The obtarnment of a suitable compromise among FIG. 1 is a simplified schematic plan view showing a 

these contrasting requirements is not easy and generally machining and measuring cell including two latches and 

involves high costs for the measuring apparatuses. In one measuring apparatus; 

order to reduce the costs of measuring apparatuses 65 FIG. 2 is an explanatory diagram of the various pha- 

adapted to check parts of different types, it is known to ses of one operating cycle of the cell of FIG. 1; 

use a common handling system capable of performing a FIG. 3 is a simplified schematic plan view of the 

mutual displacement between measuring means and a measuring apparatus; 
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FIG. 4 is a functional block diagram of some circuits F: measurement of a part 12 on reference rests 13; 

or the apparatus of FIG. 3; and G: transport of a part 12 from reference rests 13 to lathe 

FIG. 5 schematically shows, with enlarged scale, a 6; 

variant of the apparatus of the preceding figures. H: exchange of two parts 12 on latbe 6; 

DESCRIPTION OF THE PREFERRED 5 J ^^r^SA ,„ ,a 

PurnnnrUFXT transport from lathe 6 to reference rests 14; 

fcMJJUUiMbisi K: eichange of two parts 12 on reference rests 14; 

The msrhin i n g and measuring cell schematized in L: measurement of a part 12 on reference rests 14; 

FIG. 1 comprises an input conveyor 1, a first lathe 2 M: transport of a part 12 from reference rests 14 to 

with relevant computer numerical control (CNC) con- 10 conveyor 8; 

tained within a cabinet 3 also housing a programmable N: unloading of a part 12 onto conveyor 8 and picking 

controller, a measuring apparatus 4 controlled by a up of a new part 12 from conveyor 1. 

CNC 42 contained within a cabinet 5, a second lathe 6 The operating cycle of the cell can occur differently 

with relevant CNC sad electric cabinet 7, an output from what is shown in FIG. Z For example, in case the 

" conveyor *, a gantry loader 9, with a carriage 10 having IS measuring apparatus 4 detects that a part 12 must be 

double gripper, and a central computer 11 that controls considered recoverable or unrecoverable scrap, just 

the driving members of loader 9 and conveyors land 8, after machining on the first lathe 2, this part can be 

coordinating them with the com pater numerical con- directly unloaded onto output conveyor 8, in a suitable 

trots housed within cabinets 3, 5, 7. position. 

The cell of FIG. 1 is of a known type, apart from the 20 As shown by FIG. 1, the structure of lathes 2 and 

measuring apparatus 4. «_ in particular with respect to the arrangement of the 

The parrs 12 arc subsequently advanced by input spindles 16, 17— and that of reference rests 13, 14 are 

conveyor 1, with step by step motion, to a pick-up poeri- such that the parts 12 maintain the same orientation 

tion. both on lathes 2, 6 and on measuring apparatus 4. 

The carriage 10 of gantry loader 9 moves suitably and 23 The same applies to conveyor 1, where the parts 12 
picks up from conveyor 1, through one of the grippers, are located on seats 18, and to conveyor 8, that has seats 
not shown, a first part 12, that is loaded onto the spindle 19, 20, 21, respectively for good, recoverable and lmrc- 
~ 16 of lathe 2, where it is chucked at one end. After coverable scrap parts 12. This permits simplifying the 
machining ou lathe 2, carriage 10 picks op the first part members and operations for handling parts 12. 
12, loads onto spindle 16, through the other gripper, a 30 The measuring apparatus 4 is now further described 
, second part 12 previously picked up from conveyor 1 with reference to FIG. 3. 
and carries the first part 12 onto first reference rests 13 The reference rests 13, 14, each defines a V-shaped 
of apparatus 4. CNC 42 controls the displacement of reference structure for positioning the parti 12 (featur- 
measuring units 15 towards the first part 12, that is ing basically a rotational symmetry) along a transverse 
checked. If the results of the checkings indicate that Uus 35 direction ±7L Moreover, abutment elements 22, 23 
part 12 is good, as far as the previously performed oper- assure axial positioning of the parts 12 (12i and 12i in 
ation is concerned, carriage 10 picks up again the same FIG. 3), ie. along a longitudinal direction ±2. 
part 12 and carries it to the second lathe 6. The part 12 The reference rests 13, 14, abutments 22, 23 are sup- 
is ebneked onto spindle 17 of lathe 6 in correspondence ported by support base 24 having longitudinal guides 
with the previously machined end and is tiwrftii^ at 40 25, 26 enabling sliding of the measuring units 15, 
the other end. The measuring units 15 of apparatus 4 comprise a 

Then carriage 10 picks up again the first part 12 and first, kmgitudinal slide 27, coupled to a motor 29 

carries it onto second reference rests 14 of apparatus 4> through suitable kinematic members 28, for example 

CNC 42 controls the displacement of the measuring with lead screw and split nuts, 

units 15 in order to perform another checking on the 45 longitudinal slide 27 has a transverse guide 30 along 

first part 12. whkh are movable two transverse slides 31, 32 carrying 

On the basis of the result of the second checking, relevant sensing units constituted by comparative mea- 

caniage 10 picks up the part 12 and arranges it in a sirring heads 33, 34. The transverse slides 31, 32 arc 

relevant unloading position outo conveyor 8, depending contemporaneously driven by a motor 35, coupled 

on whether the part 12 is good, unrecoverable scrap or so through suitable kinematic members to the same slides, 

scrap recoverable through further machining opera- These kinematic members 36— that can comprise, for 

dons. example, a stem with two threads, one of which is a 

The .diagram of FIG. 2 shows a possible time chart of right-hand and the other a left-hand thread— permit 
the operating phases of the cell of FIG. 1 during a cycle transforming the clockwise and counterclockwise ro- 
of duration To 55 lary motions of motor 35 into, respectively, mutual 

The abscissas relate to the time T and the ordinates approaching and moving away displacements of trans- 
indicate the actual phases for six subsequent parts 12, verse slides 31, 32. 

denoted by 12i-12*. Slides 31, 32 and measuring heads 33, 34 are always 

Letters A to N indicate the following phases : arranged symmetrically with respect to the geometric 

A: transport of a part 12 from conveyor 1 to lathe 1. In 60 longitudinal axis of apparatus 4 and/or to the longkudi- 

the case of FIG. 2 the active phase refers to the trans- nal symmetry plane defined by the first 13 and second 

port of part 12s 14 reference rests and containing this geometric axis. 

B: exchange of two parts 12 on lathe 2. In the case of In rest conditions, longitudinal slide 27 and transverse 

FIG. 2 the active phase refers to the exchange be- slides 31, 32 are arranged in correspondence with the 

tween parts 124 and 12j; 65 transverse geometric axis of apparatus 4 and measuring 

C: mach i n i n g on lathe 2; heads 33, 34 have an arrangement substantially symmet- 

D: transport from lathe 2 towards reference rests 13; rical with respect to the first 13 and second 14 reference 

E: exchange of two parts 12 onto reference rests 13; rests. 
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Measuring heads 33, 34 are identical and substantially In rest position, slide 27 is in the position of FIG. 3, 

or known type, therefore are not described in detail. while slides 31 and 32 are in the position of maximum 

Head 33, for example, comprises a sensing element or distance (i.e. Feelers 40 and 40' are located at the maxi- 

movable arm 37 supported by two movable arm-sets, mum mutual distance they may reach), 

for example of the type featuring resilient parallelo- 5 Under the control of CNC 42, motor 29 causes slide 

grams, so as to be movable substantially along two axes 27 to translate along direction -Z until feelers 40, 40* 

±Z and ±X, where Z and X are the directions of the are arranged in correspondence with the cross-sections 

longitudinal and transversal geometrical axes of appara- °f part 124 the external diameter of which must be 
tus 4. Elements of bead 34 corresponding to those of checked. 

head 33 are indicated by the same reference numerals, 10 ^ ne exact positioning of slide 27 is obtained through 
with additional apexes. Of course, movable arm 37' of linear transducer 45. 

bead 34 is displaceable along ±Z and ±X Then motor 35 is actuated, depending on the program 

Movable arm 37 has feeling units including two oppo- loaded into numeric control 42, and causes slides 31 and 

site extensions 38, 39 carrying relevant feelers 40, 41 32 to mutually approach, by displacing them along 

that, in rest position, are symmetrically arranged with 15 dir ections -X and +X, respectively. The mutual posi- 

respect to the geometrical axis of slide 27, Le. to the tk>n of dides 31 and 32, that are always arranged sym- 

transverse geometrical axis or apparatus 4. Feeler 40 is metrically with respect to the longitudinal axis or the 

adapted to touch part li, arranged on reference rests 13 a PP amus 4and to the geometrical axis of part 12* (Le., 

and feeler 41 is adapted to touch part 12, arranged on to *** symmetry plane defined by reference means 13), 

reference rests 14 20 is detected by linear transducer 445. Driving group 56, 

Heads 33, 34 also comprise position transducers, for depending m te value * «»» output "P*" 1 ° r smnaing 

example of the differential transformer type, adapted to ci f rcuit s9 - a speed decreasing and then the stop 

measure the displacements of movable arms 37, 37' from of motor 35. 

a rest position. During an initial zero-setting operation of apparatus 4 

Housed within cabinet 5. in addition to CNC 42, are 25 °" V^ 1 " ^ ™? " : f is,cr f ircuit « » ****** a 

input/output circuits 43 and a programmable controller V** °" sev< ?? f ar Tf t ^ 

44 such as the dimensions (the diameter) of feelers 40, 40\ 

Among other things, the input/output circuits 43 are distaoce m res * »«**»"» *"> **» ° f ,he 



i,n«,r ak nzxr 1 Y mCren,CnlaJ Therefore, it is evident that when feelers 40, 40' touch 

?J?J ^ , . _ • P»rt 124 »nd measuring heads 33, 34 operate in their 

linear transducer 45. of the opucal scale type, s fin ^ output ^ 3^ aMhls 

preferably arranged m such a way as to define a geomet- circuit * h £3 ve of the external diameter or part 
ncal axis coinciding with the longitudinal axis of appa- 35 12 , 

SfU "^ TT^t '"flTSS SCdC 47 to baSC Th^ measurement signal is detected and memorized 

24 and a slide 48 fixed to slide 27. by circuit 65, that is JxhlLd by compandor 61. 

Linear transducer 46 composes a graduated scale 49 VmaUy, the output signal of circuit £5 is displayed by 

fixed to slide 31 and a slide 50 fixed to slide 3Z ..K ^ - . . f . / 



unit 66 and possible recorded by a printer contained in 



The simplified functional diagram of FIG. 4 schema- 40 cabinet 5 
tizes the transducer and measuring units, the driving If the detected diameter value corresponds to a scrap 
and control unit and Processing umt of apparatus 4. In ^ 124t C NC 42 transmits to computer 11 a signal for 
particular, the diagram of FIG. 4 illustrates the func- controlling unloading of part 12* onto conveyor 8. 
dons of some of the circuits contained within cabinet 5 measurement of external diameters (and similarly 

with reference to the checking of an external diameter. 45 ^ of internal diameters) can occur statically or dy- 
Lbiear transducer 45 is connected to a counter 53 that namically (Le- with stationary or moving slides 31, 32), 
us its turn is connected to a group 54 driving motor 29. by combining the signal of transducer 46 with those of 
Linear transducer 46 is connected, through a counter beads 33, 34. 

55, to a group 56 driving motor 35. Since the measurement of every diameter takes place 

Groups 54 and 56 are Controlled depending on the 50 by using the signals of two measuring heads 33, 34 when 
program loaded into numeric control 4Z both the relevant feelers 40. 40" are into contact with 

The output signals of measuring heads 33 and 34 part 124, high speed and accuracy are achieved, 
reach, through two amplifiers 57, 58, an analog sum- Checking of axial dimensions, too, eg. of the distance 
ming circuit 59. The output of the analog summing between surfaces 70 and 71 of part 12* is made by using 
circuit 59 is connected to groups 56, to the input of an 55 the two heads 33 and 34, the signals of which are coro- 
analog/digital converter 60 and to a comparing or en- bined with the signal of transducer 45. 
abling circuit 61 having another input connected to a In this way, it is possible to refer the measured axial 
circuit 62 providing a reference voltage. distance 10 the longitudinal axis of apparatus 4, so guar- 

A digital adding circuit 63 has three inputs, respec- an teeing high accuracy and repeatability, 
lively connected to the outputs of counter 55, converter (o The circuits for detecting and processing the roea- 
60 and of a register circuit 64. and an output connected surements are not further described since they are not 
to a sample and hold circuit 65. one specific object of the invention and because similar 

Circuit 65, that has a second input connected to cir- circuits are described in U.S. Pat No. 
cuit 61, has an output connected to a display unit 66. 4,562,648 — DanieUi. 

The operation of measuring apparatus 4 will now be 65 According to the present invention, beads 33, 34 and 
described, when performing the measurement of an transducers 45, 46 are also used, as previously men- 
external diameter of part tit depending on the relevant tioned, for checking the dimensions of parts, e.g. part 
program loaded into numeric control 42. 12, of FIG. 3, arranged on reference rests 14 and abut- 
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me nt 23. This involves evident technical and economi- ing an arrangement substantially symmetrical with re~ 

cal advantages. spect to said longitudinal symmetry plane. 

For parts having particular shapes, the shape of ex- 6. The apparatus according to claim 5, wherein the 

tensions 38, 39 can be different Moreover, always for feeling means of each head comprise a movable arm 

pans having particular shape, it can be of advantage to 5 bearing two feelers, one of the feelers being adapted to 

use the variant referred to in FIG. 5. touch the first parts and the other feeler being adapted 

With reference to FIG. 5, if it is desired to check a to touch the second parts, 

part 80 having rotational symmetry and fcaturiag a 7. The apparatus according to claim 1, wherein said 

peripheral groove 81, head 33 (and similarly head 34), driving and control means comprise a first motor for 

rather than being rigidly fixed to slide 51, is mounted 10 controlling displacements of the first slide and at least a 

through coupling means adapted to define at least two second motor for controlling mutual displacements of 

positions on bead 33. In particular, head 33 is rotatable the second and third slides. 

about an axis or pin 82 fixed to slide 31 and may be 8. The apparatus according to claim 6, wherein said 

arranged in two positions— shown by continuous and heads are measuring heads and said movable arm is 

.dashed hncs— defined by abutments 83, 84 and 85, 86 15 movable along at least two axes, 

fixed to slide 31. The displacement can be manually or 9. The apparatus according to claim 2, for checking 

automatically obtained acting on a lever 87 so as to first parts after a first machining operation and for 

cause a 90* rotation of head 33. checking second parts obtained from the first parts 

A control element 88 can control the displacement, through a second machining operation, wherein said 
for example through a double-acting cylinder, and 20 first ind second reference means are adapted to support 
apply a resOicnt thrust, for example of pneumatic type, the relevant parts with the same orientation with re- 
fer accurately defining the positions of head 33 against sped to said longitudinal direction, 
abutments 83, 84 or 85, 86. 10. The apparatus according to claim 9, wherein said 

Reference means 13, 14, 22, 23 can also be made in first and second reference means comprise rests for 

sucb a way as to be adjustable or readily replaceable, for positioning the parts along said transverse direction and 

permitting the quick retooling of the apparatus 4 to abutments for positioning the parts along said lougitudi- 

cbeck pans of possibly very different shapes and dimen- nal direction. 

sions. 11. The apparatus according to claim 1, wherein said 

What is claimed is: x first sensing means are arranged on the second slide 

L An apparatus for checking dimensions of mcchani- through coupling means adapted to define at least two 

cal parts, comprising: support means; first and secoud positions of the first sensing means with respect to the 

reference means arranged in positions substantially second jJidc- 

fixed with respect to the support means, for mcchani- 1Z The apparatus according to claim U wherein said 

cally positioning first and second mechanical parts; 33 first and second sensing means are arranged on the 

measuring means coupled to the support means for second and third slides, so as to be rotatable about rele- 

cbecking both the first and the second parts, the mea- vant axes, the second and third slides defining abut- 

suring means including a first slide movable oo the merits adapted to define at least two positions of the first 

support means, a second slide and a third slide, both and secoud sensing means. 

movable on the first slide, first and second sensing n 13. An apparatus for measuring linear dimensions of 

means arranged on the second and third slides respec- mechanical parts featuring substantially rotational sym- 

tively and transducer means adapted to detect the posi- metry, comprising : 

tions of the first, second and third slides, the first and a support base elongated along a kmgitudina) direc- 

second sensing means being adapted to be arranged in don; 

positions substantially mutually symmetrical with re- 45 first and second positioning means fixed to the sup- 

spect to the first and second reference means; and driv- pott base for positioning first and second parts, 

ing and control means adapted to cause displacements respectively, in longitudinally spaced apart posi- 

of the measuring means for achieving positioning of the tions; 

measuring means with respect to the first and second a first slide movable on the support base along said 

pans. 50 longitudinal direction; 

2. The apparatus according to claim 1, wherein said a second slide and a third slide movable on the first 
first and second reference menu are adapted to define a slide along a transverse direction; 
longitudinal symmetry plane, said first slide is movable first transducer means for providing a signal respon- 
along a longitudinal direction and said second and third sivc to the position of the first slide on the support 
slides are movable along a transverse direction. 55 base; 

3. The apparatus according to claim 2, wherein said second transducer r»eans for providing a signal re- 
second and third slides are arranged in symmetries] sponsive to the mutual position of the second and 
positions with respect to said longitudinal symmetry third slides; 

plane. first and second sensing means arranged respectively 

4. The apparatus according to claim 3, wherein said 60 on the second and third slides for selectively coop- 
transducer means comprise a first transducer adapted to erating with parts arranged on the first and second 
detect the position of the first slide with respect to the positioning means and providing relevant signals; 
support means and a second transducer adapted to de- first motor means coupled to the first slide for moving 
tect the mutual position of the second and third slides. it along said longitudinal direction and for selec- 

5. The apparatus according to claim 4, wherein said 65 lively causing the approach of the first slide 
first and second sensing means comprise two heads, towards the first and second positioning means; 
each head having relevant feeling means adapted to second motor means coupled to the second and third 
touch the first and second parts, the feeling means hav- slides for selectively causing mutual approach and 
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moving away displacements of the second and measuring head capable of measuring dimensions along 

third slides; two perpendicular directions. 

whereby dimensions of parte arranged on the first and - tt ^ 

' , . , fire* and second positioning means define a longitudinal 

second portioning means can be selectively mea- 5 plane of symmetry and said second and third slides and 

sured through displacements qf the first, second tn c relevant measuring heads are adapted to be ar- 

and third slide to carry the first and second sensing ranged in symmetrical positions with respect to said 

means in cooperation with the part to be measured longitudinal plane of symmetry, 

and through processing of the signals provided by »«• Th« apparatus according to claim 15, wherein said 

the first and second transducer means with the 10 measuritl B ^ ve movable arms with reelers 

dottle nr«v,H-H h„ t>„. « n A „ -„„ adapted to selectively contact the first and second parts, 

signals provided by the first and second sensing ^/^^ ^ uiapbea to ^ ^ 

mcans " symmetrical with respect to the first and second posi- 

The apparatus according to claim 13, wherein said foiling means, 

first and second sensing means respectively comprise a 15 • • • * * 



30 



35 



40 



45 



55 



60 



65 



21 of 280 



United States Patent 

Spencer et aL 



EXHIBIT 7 

[li] Patent Number 
[45] Date of Patent: 



4,833,790 
May 30, 1989 



[54] METHOD AND SYSTEM FOR LOCATING 
AND POSITIONING CIRCULAR 
WORKPLACES 

[75] Inventors: Robert M. Spencer, San Juan 

Capistrano; Christopher O. Lada, 
Palo Alto, both of Calif. 

[73] Assignee: Lam Research, Fremont, Calif. 

[21] AppLNo.: 48,194 

[22] Filed: May 11, 1987 

[51] lata* G0UB7/31 

[52] UACL 33/520; 33/549; 

33/644 

[58] FleM of Search 33/520, 549, 550,644. 

33/172 E 

[56] References Cited 

U.S. PATENT DOCUMENTS 

2,742,993 4/1956 Hommcl «t al 33/530 X 

3,259,989 7/1966 Wilson 33/520 

4,026.031 J/1977 Skldal] et aL 33/520 X 

4^70,762 1/1978 StddaU ,. 33/520 

4,218,825 8/1980 AsakoractaL 33/520 



FOREIGN PATENT DOCUMENTS 
1341344 9/1963 France . 33/549 

Primary Examiner— William D. Martin, Jr. 
Attorney, Agent, or Firm— Townsend & Townsend 
[57] ABSTRACT 
A system for locating and positioning wafers includes a 
wafer shuttle, a spindle, and a position sensor. The 
wafer shuttle retrieves wafers from a storage location, 
typically a wafer cassette, and transports the wafers to 
the spindle. The wafers are then incrementally rotated 
on the spindle, and the distance between the center of 
rotation and the periphery of the wafer along a linear 
path is measured. By using three such measurements, 
the distance and angle with which the center of the 
wafer is offset from the ccuter of rotation may be calcu- 
lated- The wafer can then be centered on the spindle by 
rotation and translated a proper distance by the wafer 
shuttle. Usually, the wafers will be further rotationally 
oriented so that the crystal lattice lies in a desired direc- 
tion. 

21 Chums, 2 Drawing Sheets 
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in order to determine tbc relative positions of the center 
of rotation and center of the workpiece. 



prior to 
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of rotation may be determined. The workpiece is then 

METHOD AND SYSTEM FOR LOCATING AND centered on the spindle by first rotating so that the line 

POSITIONING CIRCULAR WORKPIECES between the center of rotation and the center of the 

_ , „„„ workpiece are aligned on the linear path and then trans- 

BACKGROUND OF THE INVENTION 5 lating the workpiece along the linear path by a distance 

The present invention relates generally to systems equal to the length of offset so that the centers are coin- 

and methods for the Wiling 0 f workpieces. More cidenL 

particularly, the invention relates to a system and For semiconductor applications, it will frequently be 

method for accurately locating and positioning circular desirable to further rotate the wafers so that their crys- 

workpieces, such as semiconductor wafers. 10 tal lattice orientation is aligned in a preselected dircc- 

The need to locate and position circular workpieces tion. To do so, the wafer is first rotated while the optical 

can arise under a variety of circumstances. For exam- sensor locates certain fixed discontinuities in the periph- 

ple,. semiconductor wafer when the retrieved from cry. Such discontinuities, usually flats and notches, 

wafer cassettes are frequently not centered and are indicate the type and orientation of the crystal stroc- 

randomly oriented with regard to their crystalline lat- 15 tare. The wafer may then be rotated to the desired 

dec structure. Usually, it is necessary to position indi- crystal orientation, 

vidua! wafers prior to processing, such as plasma etch- 

ing, chemical vapor deposition, and the like. BRIEF DESCRIPTION OF THE DRAWINGS 

Unfortunately, such positioning is problematic. Prior FIG. 1 is a schematic layout of a system for locating 

systems have often used cither rued or movable pins to 20 ^ positioning senucondnctor wafers constructed in 

engage the periphery of the wafer and provjde some accordance with the principles of the present invention, 

degree of center**. The use of puis, however, ts mac- FIG. 2 is an devational view of the system of FIG. 1. 

curate, particularly when the wafer bang centered has — - • • 

a diameter deviating from the nominal diameter. More- 
over, contact with the pins causes substantial generation 1 
of particulates which is undesirable in virtually all semi- 
conductor processes. Other systems for locating and DESCRIPTION OF THE SPECIFIC 
alignin g semiconductor wafers employ multiple arrays 
of plwtosensirive detectors beneath the wafer to locate 
its periphery. Such systems, however, require a mint- J 
mum of three detector arrays and are Bruited by the 

accuracy with which those arrays may be located. Ad- , . . . . - ... - - . 

ditkmaDy, these systems require a separate mechanism " et ^=^f ^ P £^ toon * 

for correcting the positions of the wafers subsequent to ^AJUiough the description » ducted specifically at 

locating them. 35 the handling of sennconductor wafers, it will be apprc- 

For the above reasons, it would be desirable to pro- ciated ^ P««ipl» of the invention apply equally 

vide methods and systems which arc capable of accu- well to handling of other circular workpieces, such as 

rately detecting the positions of circular workpieces, recording disks, magnetic media disks, circular bioassay 

such as semiconductor wafers, and for aligning such V )a * a > and the like. 

workpieces according to preselected criteria. The 40 String to FIGS. 1 and 2, a positioning system 10 
method and system should be highly accurate, avoid the constructed in accordance with the principles of the 
generation of particulates, and be able to provide true present invention is illustrated. The system 10 includes 
centering regardless of any deviations between the ac- » wafer shuttle 12, a position sensor 14, and a rota table 
tual and nominal diameters of the wafer. In addition, the spindle 16 on a base 17. The wafer shuttle 12 is capable 
system should be relatively simple, inexpensive to build 45 °f retrieving wafers W from a wafer cassette 18 and 
and operate, and be compatible with other material transporting the wafers to the spindle 16, as will be 
handling and processing systems, such as semicondnc- described in more detail hereinbelow. Once at the spin- 
tor wafer p rocessing systems. die 16, the wafers W are centered and aligned in a de- 
SUMM ah Y r»F tup mvBunftN orientlltio0 Pri™ to ^8 removed, typically by an 
SUMMARY OF THE INVENTION x articulated wafer transport arm 20 (including a first 
A system for locating and positioning circular work- segment 20a and a cradle segment 20b pk capable of 
pieces, particularly semiconductor wafers, prior to sub- supporting individual wafers) which may be located in 
sequent mampulanon and processing includes a wafer an airlock 22 iso sri a t ed with processing equipment, 
shuttle, a spindle for rotating the workpieces, and a such as a plasma etch system, CVD reactor, or the like, 
sensor for measuring the distance between the spindle 55 Operation of the wafer shuttle 12, position sensor 14, 
and the edge of the workpiece mounted on the spindle. and rotating spindle 16 are controlled by a central con- 
The workpieces are retrieved from a remote storage troller 24, typically a programmable digital computer, 
container, typically a wafer cassette, and conveyed which communicates throngb an interface 26 including 
along a linear path to the spindle. The workpieces are the necessary analog-to-digital and digital-to-analog 
then secured to the spindle, typically by a vacuum 60 converters. 

chuck, and incrementally rotated about a fixed center of The wafer cassette 18 is a standard cassette compris- 

rotatioo. The position of the center of the workpiece ing a plurality of shelves 19 de Ruing slots capable of 

relative to that of the center of rotation is determined by receiving individual wafers W and holding them in 

measuring the distance along the linear path between either vertical or horizontal orientations, depending on 
the center of rotation and the periphery of the work- 63 the attitude of the cassette. In the present invention, the 

piece at three different angles of rotation. By applying cassette 18 will be held so that the wafers W lie gener- 

an appropriate geometric analysis, the angle and length ally horizontally, with the cassette 18 placed on an 

of offset between the center of the wafer and the center elevator platform 30. As schematically illustrated, the 
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elevator platform 30 is raised and lowered by a rotating diode (LED) source and a photo transistor detector (not 
screw 32 driven by an electric motor 34. The manner of illustrated). 

raising and lowering the cassette 19, of course, ia not Raising, lowering and rotation of the spindle 16 is 

critical and a wide variety of mechanisms are knows also supervised by controller 24 through conimunica- 

and coiruncrically available. It is necessary only that the 5 tion line 67. In this way, rotation of the wafer can be 
elevation of the cassette 18 be controllable by the cen- coordinated with the measuring and petitioning func- 

tral controller 24, as indicated by communication line ttoos of the system 10. 

36. Referring now to FIG. 3, the distance of offset 1 and 

The wafer shuttle 12 includes a carriage 40 mounted the angle of offset a, between the center of the water 

to horizontally reciprocate on a pair of guide rails 42. 10 CW and center of rotation CR may be determined as 

The position of the carriage 40 on the guide rails 42 is follows. The disiancc ri between the center of rotation 

controlled by an electric drive motor 44 which is, in CR and a point Pi on the periphery of the wafer W is 

turn, controlled by controller 24 as indicated by com- measured after rotating the wafer through an angle 0i 

implication line 46. The m »"""" hi which the carriage from an irbitary h»«Htnw BL drawn throngh the center 

40 ia driven is not critical, and may comprise a threaded 13 of rotation. The values of n and 0i are then stored in the 

drive shaft, a belt and pulley system, or the take. It is controller 24. Wafer W is then further rotated through 

necessary, however, that the drive system be capable of an angle 0 2 relative to the baseline BL and the distance 

accurately positioning the carriage 40 to within ±(X0l between the center of rotation CR and a point Pj on 

inches, preferably to within ±0001 inches. The pre- the periphery of the wafer is measured. Similar mea- 

ferred drive system comprises a stepping motor driving 20 surernents are then made for point Pj which is distance 

a tuning belt with a cogged pulley. rj from the center of rotation CR lying on a line dis- 

A J-shaped support arm 50 is secured to the carriage placed from the baseline BL by an angle 0> In all cases, 

40 and reciprocates along a linear path between the the mrasurement of the distance r U ""Kb- by the posi- 

spindle 16 and the wafer cassette 18 as the carriage 40 is tion sensor 14 with the distance r lying along the linear 

driven back and form on the guide raiM path on which the carriage 60 travels, 

cassette 18, the distal end of the support arm 50 can be Once tlie measurements just described are completed, 

inserted beneath a wafer W, usually with a clearance of the length of offset 1 and angular offset a may be calcu- 

about 0.01 to 0.10 inches, usually being about 0.045 lated as follows. 

imJics.Oncethearm50iskposrttoii T tiie wafer cassette „ 

18 can be lowered by lowering platform 30 so that the , c^o*, - r*v*,) - «(ncarfi - nco<^) 

wafer a lifted off the support slot within the cassette 18. a - an-' ■■ _ n ^ _ + 
Usually, vacuum ports (not illnstrated) will be provided 

in the support arm SO for securing the wafer during wherein R=(n 2 -n 2 )/{ri 2 -r?X aw» 



After the wafer W has been hfted out of contact with 

the cassette 18, the wafer may be drawn back toward . , n 1 - 

the spindle 16 by a motor 44 under the supervision of zwncwe, - ncorf2)«»a + - Tsn*^) 
controller 24. The arm SO is retracted until the J-shaped 

dotal end lies over the spindle 16, as illustrated m full 40 Once the offset angle o and offset length 1 have been 

line in FIG. L At that time, the spindle 16 is raised (as detennmed, it ban easy matter to center the wafer W so 

illustrated in broken line in FIG. 2) so that the wafer W that the center of the wafer CW is aligned with the 

is lifted up from the support arm 50. Usually, the spindle center of rotation CR of spindle 16. First, the wafer is 

16 will include a vacuum port for firmly securing the rotated so that the line between the center of rotation 

wafer thereto. 43 CR and the center of the wafer CW is aligned with the 

At the time when the wafer W is first brought over direction of the linear path traveled by support arm 50 

the spindle 16, the center of rotation of the spindle and of the wafer shuttle 12. The wafer W is then lowered 

the center of the wafer W win normally not be coinci- onto the support arm 50 by retracting spindle 16. The 

dent That is, the center of the wafer W will be offset support arm 50 is then translated in the direction neces- 

from the center of the spindle 16 by an unknown dis- 30 sary to align the center of the wafer with the center of 

tance and in an unknown direction. Althoagh the offset rotation. The spindle 16 may then be raised, and the 

will usually be small, it can be significant in subsequent wafer is ready for further manipulation and processing, 

processing steps. Moreover, the crystal lattice orienta- In many cases, prior to farther manipulation and 

tion of the wafer W is usually unknown, and it is fre- processing, it wfll be desirable to rotationaUy orient the 

quently desirable to provide a particclar orientation 55 wafer W so that the crystal lattice structure lies in a 

prior to subsequent processing. The cksired centering desired direction. To accomplish this, it is necessary to 

and rotational orientation of the wafer W may be ac- locate certain flats or notches which are formed on the 

complished as described hereinafter. periphery of the wafer W, as exemplified by flats 60 and 

The position sensor 14 includes a carriage 60 62 illustrated in FIG. 3. The locations of these flats 

mounted on a rotating drive screw 62 driven by motor 60 indicate the orientation of the crystal lattice structure 

64. The motor 64 is supervised by controller 24, as within the wafer. The location of the flats may be deter- 

i n riir at f d by communication line 66. The carriage 60 mined by rotating the wafer W on spindle 16 after the 

includes an optical detector 68 mounted thereon. By wafer has been centered. The optical sensor 68 is posi- 
tramlating the carriage 60 back and forth on the drive turned beneath the periphery of the wafer W, and will 
screw 62, the location of the periphery of wafer W 65 detect when the periphery appears to fall away due to 
along the linear path between the spindle and the cas- the presence of a flat or other discontinuity. By storing 
scttc may be determined. The type of optical sensor 68 the locations where the flats begin and end, the control- 
employed is not critical, typically being a light emitting ler 24 can determine the precise orientation of the wafer 
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on the spindle 16. The spindle 16 may then be rotated so 
that the water W lies in a desired crystal orientation. 

Because of the provision of flats and other discontinu- 
ities on the periphery of the wafer W, the determination 
of the offset length 1 and angular offset a will be incor- 5 
rect if any of the points P1-P3 lie on one of the Oats 60 
and 6Z Thus, it is necessary to check the accuracy of 
the data generated by the above algorithms. This may 
be done by determining whether the calculated radius 
of the wafer (a) is within the expected tolersoces for the 10 
type of wafer being processed. The radius a may be 
calculated as follows: 



i for conveying the workpiece along a linear 



means for rotating the workpiece about a center of 

rotation located on the linear path; 
means for measuring the distance along the linear 
path between the center of rotation and the periph- 
ery of the workpiece; and 
means for determining the offset between the center 
of rotation and the center of the workpiece based 
On the measured distance between the center of 
rotation and the periphery of the workpiece at at 
least three different angles of rotation. 

2. A system as in claim 1, wherein the means for 
determining the offset includes a computer and an inter- 

" face between the computer and the means for convey- 
rmay be ru nor rjand 6* may be 0u 62, and ffj, tag, the means for rotating, and the means for measur- 
ing. 

3. A system for positioning a circular workpiece, said 
system comprising: 

a cassette capable of holding a plurality of horizontal 
workpieces arranged in a vertical stack; 

; elevating the cassette; 



Frequently, even if the calculated radius a is within 
the expected limits, it will be desirable to recalculate the 
values of oflset length I and angular offset a in order to 21 
farther confirm the correctness of the original calcula- 
tions. This can be done using all new data points, or by 
substituting one or two new data points in the three data 
points hritially utilized. In either case, if the newly cal- 
culated values of 1 and a agree with the originally 2 
calculated values, a very high level of confidence in the 
data is achieved. If the values disagree, if will be neces- 
sary to repeat the calculations until agreement is 



As just described, the spindle 16 and the optical de- 
tector 68 are located on the line of travel of the shuttle 
support arm 50. Although such configuration is pre- 
ferred as it simplifies construction and operation of the 
system, alternative configurations are also available. ,, 
For example, the spindle SO could be laterally offset 
from the line of travel of the shuttle support arm 50, 
usually by less than one-half the expected diameter of 
the wafer, more usually by less than one-quarter of said 
diameter. The line of travel of the optical detector 68 M 
may also be offset, either to lie parallel to the line of 
1 of the shuttle support arm SO, or to angularly 



means for reciprocating the arm along a linear path, 
with the arm extending into the cassette at one end 
of the path; 

means on the arm for detachably securing the work- 
piece; 

means proximate the linear path remote from the 
cassette for rotating the workpiece about a center 
of rotation on the linear path; 
means for measuring the distance along the linear 
path between the center of rotation and the periph- 
ery of the workpiece; and 
means for determining the oflset between the center 
of rotation and the center of the workpiece based 
on the measured distance between the center of 
rotation and the periphery of the workpiece at at 
least three different angles of rotation. 
4. A system as in claim 3, wherein the means for 
reciprocating the a 



ava 01 me snutue support arm su, or to angularly reciprocating the arm includes at least 

:viate therefrom. Usually, but not necessarily, the line disposed parallel to the linear path, and 1 

'travel of the optical detector 68 will be aligned with lating the arm along the guide rod. 

le spindle 16, regardless of the orientation relative to 45 5. A system as in claim 3, wherein 



Bforti 



of travel o: 
the si 

the tine of travel of shuttle support arm 50. Such detachably securing the workpiece includes a v „ 

changes in the apparatus may require modification of port at a remote end of the arm. 

the algorithms set forth above in order to provide for «. A system as in claim 3, wherein the means for 

accurate positioning of the wafers. rotating the workpiece includes a spindle and the arm . 

The system and method of the present invention as 50 includes a J-shaped end which circumscribes the spindle 

just described have a number of advantages over the at a preselected position along the linear path, 

prior art. In particular, tay contacting the wafers with 7. A system for positioning a circular workpiece, said 

n pick-ups and only on their rear surfaces, dam- system comprising: 



age to the wafers and the generation of particulates is 
minimized, Moreover, the system is highly accurate and 55 
capable of handling wafers of different diameters with- 
out any external changes in the configuration of the 
system. Finally, the system easily interfaces with con- 
ventional wafer handling equipment, such as wafer 



Although the foregoing invention has been described 
in some detail by way of illustration and example for 
purposes of clarity of understanding, it will be obvious 
that certain changes and modifications may be practiced 
within the scope of the appended claims. 6 

What is claimed is: 

L A system. for positioning a circular workpiece, said 



s for conveying the workpiece along a linear 
path; 

a spindle located proximate the path; 
means on the spindle for detachably securing the 
workpiece; 

means for selectively elevating and rotating the spin- 
dle, whereby the workpiece may be secured, raised 
from the conveying means, and rotated through a 
desired angle; 

means for measuring the distance along a line be- 
tween the center of rotation and the periphery of 
the workpiece; and 

means for determining the offset between the center 
of rotation and the center of the workpiece bacsd 
on the measured distance between the center of 
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rotation and the periphery of the workpiece at at 
least three different angles of rotation. 

8. A system as in claim 7, wherein the center of rota- 
tion is located on the linear path. 

9. A system as in claim 7, wherein the distance be- 5 
tween the center of rotation and the periphery of the 
workpiecc is measured along the linear path, 

10. A system as in claim 7, wherein the means for 
detachably securing the workpiece includes a vacuum 
port W» 

1L A system as in claim 7, wherein the spindle is a 
cylindrical shaft having a vacuum port at one end. 
12. A system as in chum 11, wherein the 



angular deviation (a) between an arbi- 
trary baseline drawn through the center of rotation 
and a line drawn through the center of the work- 
piece and the center of rotation and the linear dis- 
tance 0) between the center of the workpiece and 
the center or rotation, based on said measured dis- 
tances; and 

positioning the workpice by rotating through angle a 
and translating through distance 1 so that the center 
of the workpiece and the center of rotation are 
aligned. 

18. A method as in claim 17, further including the 
following steps which are performed after the center of 



selectively elevating and rotating the spindle includes a the workpiece and center of rotation are aligned: 
controllable motor connected to rotate the spindle. 15 rotating the workpiece to detect discontinuities 

13. A system for positioning a circular workpiece, circular periphery; and 

said system comprising: rotationaUy positioning the workpiecc so that the 

means for conveying the workpiece along a linear discontinuities are rotationaUy aligned in a prese- 

path to a first location; lected pattern, 
means at said first location Tor raising tie workpiece 20 19. A method as in claim 17, wherein measurement 
from the means for conveying and for rotating the between the center of rotation and the periphery of the 
workpiecc about a center of rotation; workpiecc is repeated to confirm the determination of 
a position sensor, angular deviation a and distance I 
mean* for reciprocating a position sensor along at 20. A method as in claim 17, wherein the angular 
least a portion of the linear path, whereby the dis- 25 devuuonais 
tunce between the center of rotation and the pe- 
riphery of the workpiece may be measured; and . , < 

means for detenrrining die angular deviation (a) be- 
tween the linear path and a hue drawn through the 
center of the workpiece and the center of rotation 
and the linear distance (!) between the center of the 
workpiecc and the center of rotation based on the 



by the following algorithm: 



the c 

and the periphery of the workpiecc at at least three 
different angles of rotation. 

14. A system as in claim 13, wherein the position 
sensor is an optical sensor. 

15. A system as m cUrim 13, wherein the means for 
reciprccating the position sensor includes a drive screw 
and a carriage mounted on the drive screw. 

16. A system as in claim 13, further including a con- 
trollable motor connected to rotate the drive screw. 

17. A method for positioning a circular workpiece. 



ri is the distance between the center of rotation and a 
point on the periphery of the workpiece when the 
workpiece is rotated by angle 9\ from the baseline; 
tz is the distance between the center of rotation and a 
point on the periphery of the workpiece when the 
workpiece is rotated by angle <h fro™ the baseline; 
rj is the distance between the center of rotation and a 
point on the periphery of the workpiece when the 
workpiece is routed by angle 0 3 from the baseline; 



21. A method as in claim 20, wherein the length 1 of 
incrementally rotating the workpiece about a fixed 45 offect '* determined by the following algorithm: 
center of rotation where the center of rotation and 

the center of the workpiece are not coincident; n l -r? i 

measuring the distance between the center of rotation " zunoorfj - rjcorfzXw + (nanSi - o«*2>'i^J - " 

and the periphery of the workpiece at at least three x 

different angles of rotation; and * * * * * 
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yield an indication of the degree of wa vines* resulting 
from the total slope change over the leu 
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apparatus for measuring surface waviness in a pud that 

METHOD FOR MEASURING SURFACE functions without the use of a calibrated base hue. 

WAVINESS It is another object of the raveatian to provide such a 

„ . _ method and apparatus which is readily adaptable to 

BACKGROUND OF THE INVENTION " 3 high volume prediction. 

The present invention relates generally to the me- It is stQ] another object of the present invention to 

chanical measurements of surfaces and, more spetifi- F*ovifc iwh a method aiid apparatus that e 

' — .».— .« - resort not requiring subjective interpretation of esthetic 

values with respect to the surface. 

j» of an 10 It is yet another object of the rjracrrt mvennon to 

automotive vehicle, controlling the quality of the sur- 
face finish is an important consideration. Without re- 
gard to the aco^tabfi^ of the fimct^ ing facflitiea, 

itself, a compooent that displays an external surface that According to the invention, a digital B 
pathetically rmpfcasnig is often vitwd h y rmtn^m " k mounted on a fixture anally movable aloiig the aur- 
as a product lackmgm quality. T^ face to be measured, the gauge being operated to take 
the aesthetic acceptability of a sheet metal panel relate sample readings at incremental distances during that 
to the ah mrt c e of roughness and waviness in the panel movement. The sequential readings are compared and 

Roughness may be defined fox convenience bene as _ differences bet* " ' — * " i,s — ' - 

microscopic changes in the slope of the surface. yield the local w 

"Orange peer conditions in the painted surface are one of these local differences at 

example of an unacceptable rough surface on a sheet neat index" number. 

metal panel A depression or "streamer" formed in a According to another feature of the present inven- 

shect metal panel during a drawing operation during the ^ tion, a fixture is provided far holding the digital Quab- 

staTtrrmig of die panel, on the other hand, results in ness gauge which defines a plane for petitioning the 

larger macroscopic changes in the slope of the surface gauge with respect to tl 
defined by that operation. This is waviness- Any surface 
— ■ a visible to a consumer when the 




the reflection of light is an ^acceptable level of wav^ 

While technique for (Maturing roughness are rela* . . . 

lively well-developed, the measurement of wmviness the following description with reference to the » 
remains a largely subjective practice dependent at least 35 panying drawings, in which: 
in pan on the visual perception of a wide variety of FIG. 1 is a perspective view of an apparatus accord- 
inspectors. Certain direct rneasurement techniques are ing to the present invention in use for measurement of a 
available, however. Among them, the use of expensive panel. 

profilometers to provide a magnified plot on scaled FIG. 2 is a diagrarmruiric view of the apparatus of the 
paper of the profile of a surface. The device is used in 40 present invention fflustratmg its measurement of a sur- 
conjuncbem with a reference of the mtended design face. 

curve of the part itself. Computer aided design data or FIG. 3 is a front view of the apparatus of the present 
blueprint information must be compared to the readings invention. 

of the profflometer and charted for deviations. This is a FIG. 4 is a top view of the apparatus, 
slow and tine»cciBirming process that cannot effec- 43 FIG. 5 is a side view of the apparatus, 
tivdy be used with great frequency in a high volume Twvnrrmnu OP TOP PKPPRRRPn 

production environment such as is encountered in the DESCRIPTION OF THE PREFERRED 

automotive industry. The recording of a sufDoent num- 
ber of profile data points to define the pan's shape for The waviness n 



He c om parison, tending to dilute ncss gauge 12 and a fixture 14- The digital ftuahnea* 

. The method imTizmg profDometer gauge 12 b illustrated as c omprisin g a readout module 

is for evaluating sheet metal pane] waviness 16 operatrvdy connected to a probe 18 engageable and 

sutlers from the additional defect that it inherently mea- verticaUy dlsplaceable in contact with a surface 20tobc 

sores absolute values from some fixed base fane that b 55 measured, as may best be seen in FIGS. 1 and 2. 

calibrated to the shape of the mten d e d design. Each The flushness gauge 12 can utilize any of a number of 

individual deviation from that base line shape definitinn depth measuring devices. One example of a device that 

must be individually analyzed to determine what effect can be used as the digital flushneas gauge 12 is that 

the deviations have on the aesthetic perception of wavi- ma nufac t u red by Mrtutoyo Corporation as its Model 

sets. 60 543-182. With that particular gauge, the probe U in- 

Tbe prior art teaches the use of another nwhinfwn eludes a mounting portion 22 which shoulders against 

for determining waviness that suffers from the last men- an upper surface 24 of the fixture 14. The operative 

boned defect in that it works about a fixed reference in measurement portion 26 of the probe 18 depends below 

U.S. Pat. No. 3,470,739 to Takafuji etaL the fixture 14 and is vertically movable, as may best be 

SUMMARY OF THE INVENTION " '%£%?£2£Z£Z£££ZZ 

Responsive to the deficiencies in the prior art, it is an digital Qu&hness gauge 12 is operative to display suitable 

object of the present invention to provide a method and numerical indicia on the screen indicated at 28. 
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The fixture 14 is preferably formed as a unitary struc- tiaOy subtracting each prior reading from each 

ture fabricated by precision machining to define three quest reading and recording the difference throu^^.. 

feet 30, 32, 34 spanning a raised central portion 36 from a desired length of the template, such as 130 mm ai 10 

which the measuring portion 26 of the digital fluahness mm increments. Summing the absolute value of these 

gauge 12 depends. Mounting pins 38, 40, 42 depend 5 differences is then effected to yield a "wavmes index" 

from the feet 30, 32, 34, respectively, are smooth and number. The larger number of this summation is the 

copbmaj, thereby defining a plane for orientation of the greater the total tensed slope change and the wavier the 

axial movement of the measnrement portion » of the surface. Utilizing tins method with t*- 

digital Coshness gauge 12. described provides a repeatablc, i . 

According to one preferred embodiment of the Pres. iq technique technique for detennining the v. 

ent invention, the fixture M is fabricated from tool steel panel 

and is 110 mm long from the end of the foot 30 to the White only one embodiment of the method and appa- 

end of the foot 32 and b 29-5-mm wide from the distal rstus of the present invention are here described, others 

end of the foot 34 to the opposed edges of the feet 3D, may be possible without departing from the scope of the 

32. 15 appended claims. For example, a mntepKcity of probes 

As can be seen in FIG. 2, it is intended, according to could be fwtured for effecting simultaneous collection 

the present invention that the apparatus 10 further in- of a nnmber of leadings; and aatonaWrt gauge move- 

chides a measurement template 11^ which need be of no i " "~ ~" *— L - 1 

particular configuration, merely providing a linear scale c 
marked as indicated at 131, along which the apparatus 30 
10 is moved. It may, however, be smooth edged and 
fixed to the surface 20 for guiding movement of the 
fixture 14. 

The method of nsing the apparatus 10, according to 
the present invention, can be wdl appreciated by refer- 1 
ence to FIG. 2. The apparatus 10 is placed in confront- 
ing relationship with tbe surface 20 of a sheet metal 
3 — ' is shown in FIG. 1. The feet 30. 32, 34 



engage the panel through pins 38, 40, 42, and the probe 




icreen 23 indicative of the position of the probe 18 with 
respect to the plane defined by the feet 30, 32,34. Fix- 
ture 14 is then moved along the panel along the axis of 
the trmplatr 11 at regular increments indicated by the 
indicia XI, XJ, XR .... and readings are displayed on 
the screen 28 for each of these positions, each represent- 
ing a position of the probe with respect to the plane 
defined by the fixture 14 when moved to the position 
corresponding to the increment on the ineasurement 
template U. Since the incremental changes along the 
axis parallel to the measurement template are fixed, the 



38, 4U, «, and tbe probe with respect to the planar sunace; 

yield a reading on the 30 sliding the fixture along a pTedetermined axis 

Mm nf ttw> nmlv IB. nritti nlimlttv ftf enhwrmmt tm uli niMt xnaoeri form 



plurality of subsequent positions spaced from each 
— ' — ~-«=— — ^^predetermined 

ig step at each of 




and the measurement at the directly s 
position to each measurement; and 
computing tbe absolute value of the differences as an 

indication of the wavmess of the paneL 
Z An " 



~n of the fixture plane. It wul 

however, that the tips of the mounti 



illustrated in exaggerated fashion in FIG. 3. The wavi- panel 
ness of a particular panel can be evaluated by 




18 are indicative of tbe slope between these two points. wn^respect to tfie panel to define tbe 
Consistency in readings is enhanced by the three-point axis and the preoev^mmed sequential shi 
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[57] ABSTRACT 
An apparatus for measuring and correcting the straight- 
ness of a boilow vacuum nozzle for semiconductor 
assembly equipment comprises a collet which can rotate 
over 360* and holds the nozzle. An indicator, such as a 
dial indicator, has a tip which confbrmaDy f contsnu- 
ously engages the nozzle so that as the collet and nozzle 
arc rotated the indicator tip rides on the nozzle. Any 
horizontal movement of a bent nozzle is shown on the 
indicator. The bend in the nozzle can then be repaired 
and rechecked whfle the nozzle is installed in the collet. 

5 Chants, 2 Drawing Sheets 
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FIXTURE FOR ALIGNMENT OF VACUUM DETAILED DESCRIPTION OF THE 

NOZZLES ON SEMICONDUCTOR INVENTION 

MANUFACTURING EQUIPMENT FIG. 1 is a side view of one embodiment of the inven- 

5 tkm. In this embodiment, the various detwnts are posi- 

KLELD OF THE INVENTION boned on a base 10. A first element comprises a bracket 

The invention relates to the field of printed circuit " "T** * Iff* 0 ' T ^^ BCk ?^ recdvCS m 

assembly n^ufacmring, and more specifically to the fT*^?! »^ 1 ' ^ C f? ^ftl 

rw»ir of mnmmMit «™U t« «^mT«-™j~CL»~Z! hollow nozzle 18. In the embodiment shown, the collet 

S^ LTS w,^T^ SCnUCOIKiBCtoT 10 14 is similar to the coUet found on the Fuji IP-H pick 

devK^topnmricuxnm boards. and place, although other wchiM function surfC 

BACKGROUND OF THE INVENTION ctently due to the ability of the bracket to receive vari- 

tv. ~~~ui„ . J . ous collets. The IP-U requires two different types of 

To assemble components such as memory devices, Mzzks ^ m ^ enmodiment the apparatus haVtwo 

&C *Z^ ^ 0thCr 01110 P™ 1 ^ 15 interchangeable collets to receive them The collet 14 is 

^^bo^jm^xa^i^pi^iscomiaoniyusEd. positioned on a set of bearings (not shown) and an axle 

One link m the automated assembly process is a pick 20 connects the collet 14 to a bottom wheel 22 through 

and place machine such as the IP-U manufactured by the bracket IX The bottom wheel 22 facilitates rotation 

Pup of Cturyn, Aichtkeo, Japan. The pick and place 0 f the collet 14, for example by an equipment techm- 

machine uses an X-Y positioning system and a motor- 20 dan, and the collet is such that it can rotate the " w 1 * 

aed hollow vacuum nozzle to remove the memory 3*0*. The collet 14 receives the hollow nozzle 18. 

device(s) or integrated circuits) from a tape and reel Also positioned on the base is a n^enctk? dial indica- 

feeder, stick feeder, or waffle tray and place the devices tor stand 24 which receives a dial indicator 26 having, 

on the printed circuit board in the correct X, Y, and for example, a spring loaded indicator tip 28. The indi- 

rotational position. A properly functioning pick and 25 cator tip 28 continuously and confonnally engages the 

place machine such as the Fuji described above can hollow vacuum nozzle 18 such that as the collet 14 and 

ac curat el y place devices to a tolerance of ±0.004 the nozzle 18 are rotated the indicator tip 28 rides on the 

inches. nozzle 18 and the indicator 26 indicates the position of 

One problem associated with the vacuum nozzle is the tip 28. 

that through use the nozzle can become bent which 30 A straight nozzle tested using the apparatus will rc- 

greatly decreases the placement accuracy of the ma- **** shout its center point, and thus the indicator will 

chine. To fully calibrate the pick and place machine remain on a single setting. A bent nozzle, however, will 

each nozzle most be properly aligned. On the Fuji IP-U rotate about an axis away from its center point and thus 

there are eight nozzles. Bent nozzles are typically re- 100 indicator wfll change with the rotation of the ooz- 

turred to the factory for reconditioning or replacement 33 ^ In other words, a bent rotating nozzle moves the 

which requires a number of weeks and a high expense. indicator tip horizontally and is measured by the indica- 

There is a need for an apparatus which allows for a tor ' while a straight rotating tip will have no horizontal 

quick and economical repair of bent nozzles. movement. If the indicator shows that a nozzle is bent, 

a technician can manually straighten the nozzle, rctest 

SUMMARY OF THE INVENTION 40 it, and provide further adjustment if necessary. A small 

Tte apparatus descn^ed herein is used for measuring Z^^L" ^ ^^^t^* ^t^T 

the be^oTstraiehtness of a hollow vacuum nozzle for found that the no^e w» jmffim^ softened by 

-„ ^,^ nmm „, -n,. r - placing a small rod into the end of the hollow vacuum 

y equipment. The apparatus, in the rod as a lever to straighten the 



v™ «^«™iDD^«iam y The ^ m pi G . 1 provided suffi- 

mdKartor bp movably attached (adjacent) to the dis- ^^p^rt^^^chJc^ to SSTSe 
tance tnfccator. The indicator tip continuously and » ^Z^ST^S^wS S£ 

^r^r 8 ** * e hoDow !1 r cuii T J no f^ ^^Tdi^^^o^kToMi 

apparatus further compmes a court capable of rotating .ncbes was detected and repaired. As the marimum 
360" for xecervrng the hollow vacnum nozzle. The appa- x detectable bend depends on thclength of the tip and the 
*Z?Tt^ " $ -i hc »** resolution of thTuiaicator. the apparatus can be ad- 
are rotated the indicator tip noes on the nozzle and the justed to aUow for the maximum allowable bend 
indicator indicates the position of the indicator tip. The indic^r used vvas a dial indicator manufactured 

Objecte and advantages will become apparent to by Teclock Corporation of Japan, model number LT- 
those skilled m the art from the following detailed de- 55 3^ although many other indicators, mechanical 26 (as 
scription read in conjunction with the appended claims shown in FIG. 1 ) or electronic 30 (as shown in FIG. 2), 
and the drawings attached hereto. would function sufficiently. The magnetic indicator 

BRIEF DESCRIPTION OF THE DRAWINGS stand was a model number 657 manufactured by Star- 
rett of Athol, Mass. The collets for the nozzle were 

FIG. 1 is a side view of one embodiment of the appa- 60 manufactured of steel by an in house machine shop. The 
raws; and bracket for the collet was manufactured of aluminum 

FIG. 2 is a side view of a second embodiment of the and the base was steel, and each was manufactured by 
invention comprising an electronic indicator. an in-house machine shop. 

It should be emphasized that the drawings herein are While this invention has been described with refer- 
not necessarily to scale but are merely schematic repre- 65 ence to illustrative embodiments, this description is not 
seatabons. Specific structural details can be determined rheant to be construed in a limiting sense. Various modi- ' 
by one of skill in the art by examination of the drawing ficatious of the illustrative embodiments, as well as 
along with the information herein. additional embodiments of the invention, will be appar- 



37 of 280 



EXHIBIT 7 



5,433,013 



eat to persons skilled in the art upon reference to this 
description. For example, various embodiments of the 
invention can be used to repair other workpieces such 
as other types of nozzles or tubes or pipes. It is therefore , 
contemplated that the appended claims will cover any 
such modifications or embodiments as fall within the 
true scope of the invention. 
What is claimed is: 

1. A method for straightening a bend of a hollow 1 
vacuum nozzle for semiconductor assembly equipment, 
comprising the following steps: 

a) providing a distance indicator, 

b) providing a 360* rotatahle collet: j 

c) placing a hollow vacuum nozzle into said collet; 

d) providing an indicator tip movably attached to 
said distance indicator, said indicator tip continu- 



ously and confonnaDy engaging said hollow vac- 
uum nozzle; 

e) rotating said collet and said nozzle such that said 
tip rides on said nozzle, said indicator indicating 
the position of said indicator tip; 

f) placing a rod into an exposed end of said hollow 
vacuum nozzle and bending said hollow vacuum 



tor, said collet supp o rtin g said nozzle daring said 
bending. 

Z The method of claim 1, wherein step e) is repeated- 
3. The method of claim 1 wherein during step e) said 
"sates horizontal movonent of said nozzfc. 



4- The method of claim 1 



5. The method of claim 1 wherein said indicator is an 
electronic indicator. 
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[57] ABSTRACT 

An apparatus for measuring and correcting the straightness 
of a hollow vacuum nozzle for semiconductor assembly 
equipment comprises a collet which can rotate over 360° and 
holds the nozzle. An indicator, such as a dial indicator, hat 
a tip which confonnally and continuously engages the 
nozzle so thai as (be collet and nozzle are rotated the 
indicaior tip rides on the nozzle. Any horizontal movement 
of a bent nozzle is shown on the indicator. The bend in the 
nozzle can then be repaired and recbecked while the nozzle 
is installed in the collet 
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FIXTURE FOR ALIGNMENT OF VACUUM skill in the art by 

NOZZLES ON SEMICONDUCTOR information herein. 

MANUFACTURING EQUIPMENT 

This is a amtinuation of application Set No. 08/126,824, 5 
filed on Sep. 24, 1993, now U.S. Pat No. 5,433.013. 

FIELD OF THE INVENTION 



of the drawing along with the 



m relates to the field of printed circuit assem- io 
bly manufacturing, and more specifically to the repair of 
equipment used to assemble semiconductor devices onto 
printed circuit boards. 

BACKGROUND OF THE INVENTION 15 

To assemble components such as memory devices, logic 
devices, and other integrated circuits onto printed circuit 
boards, an automated process is commonly used. One liak in 
the automated assembly process is a pick and place machine „ 
such as the IP-II manufactured by Fuji of Ctoiyn, Aicrriken, 
Japan. The pick and place machine uses an X- Y positioning 
system and a motorized hollow vacuum nozzle to remove 
the memory devices) or integrated circuits) from a tape and 
reel feeder, stick feeder, or waffle tray and place the devices „ 
on the printed circuit board in the correct X,Y, and rotational 
position. A properly functioning pick and place machine 
such as the Fuji described above can accurately place 
devices to a tolerance of ±0.004 inches. 

One problem associated with the vacuum nozzle is that 30 
through use the nozzle can become bent which greatly 
decreases the placement accuracy of the machine. To fully 
calibrate the pick and place machine each nozzle must be 
properly aligned. On the Fuji IP-II there are eight nozzles. 
Bent nozzles are typically returned to tbe factory forrecon- 35 
ditioning or replacement which requires a number of weeks 
and a high expense. There is a need for an apparatus which 
allows for a quick and economical repair of bent nozzles. 



SUMMARY OF THE INVENTION 

The apparatus described herein is used for measuring the 
bend or straightness of a hollow vacuum nozzle for semi- 
conductor assembly equipment. The apparatus, in one 
embortimRnt, comprises a distance indicator and an indicator , 
tip movably attached (adjacent) to the distance indicator. 
The indicator tip continuously and confarmaUy engages the 
hollow vacuum nozzle. The apparatus further comprises a 
collet capable of rotating 360° for receiving the hollow 
vacuum nozzle. The apparatus is arranged such that as the , 
collet and the nozzle are rotated the indicator tip ridesonthe 
nozzle and the indicator indicates the position of the indi- 
cator dp. 

Objects and advantages will become apparent to those 
skilled m the art from tbe following detailed description read 
in conjunction with the appended claims and the drawings 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a side view of one embodiment of the 



FIG. 2 is a side view of a second embodiment of the 
invention composing an electronic mchcator. 

It should be emphasized that the drawings herein are not 
necessarily to scale but ace merely schematic representa- 
tions. Specific structural details can be determined by one of 



DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 is a side view of one ernbodunent of tbe invention. 
In this embodiment, tbe various elements are positioned on 
a base 10. A first element comprises a bracket 12 mounted 
to the base ID. The bracket 12 receives an interchangeable 
collet 14, and the collet 14 receives a hollow nozzle 18. In 
the embodiment shown, the coUet 14 is similar to tbe collet 
found on the Fuji IP-II pick and place, although other collets 
would function sufficiently due to the ability of the bracket 
to receive various collets. Tbe IP-II requires two different 
types of nozzles so in this ejiibodiinEiit the apparatus has two 
interchangeable collets to receive them. The collet 14 is 
positioned on a set of bearings (not shown) and an axle 20 
connects the coUet 14 to a bottom wheel 22 through the 
bracket 12. The bottom wheel 22 facilitates rotation of the 
collet 14, for example by an equipment technician, and the 
collet is such thai it can rotate the nozzle 360°. The collet 14 
receives the hollow nozzle tf. 

Also positioned on the base is a magnetic dial indicator 
stand 24 which receives a dial indicator 26 having, for 
example, a spring loaded indicator dp 28. The indicator tip 
28 continuously and conformally engages the hollow 
vacuum nozzle 18 such that as the collet 14 and the nozzle 
18 are rotated the indicator tip 28 rides an the nozzle 18 and 
the indicator 26 indicates the position of the tip 28. 

A straight nozzle tested using the apparatus will rotate 
about its center point, and thus the indicator will remain on 
a single setting. A bent nozzle, however, will rotate about an 
axis away from its center point and thus the inHi<-»t>\r will 
change with the rotation of the nozzle. In other words, a bent 
rotating nozzle moves the indicator tip horizontally and is 
measured by the indicator, while a straight rotating dp will 
have no horizontal movement If the indicator shows that a 
nozzle is bent, a technician can manually straighten the 
nozzle, retest it, and provide further adjustment if necessary. 
A small rod was used to aid in straightening a bent nozzle. 
It was found that the nozzle was sufficiently straightened by 
placing a small rod into the end of the hollow vacuum nozzle 
and using the rod as a lever to straighten the nozzle. Tbe 
fixture as shown in FIG. 1 provided sufficient support to 
allow the technician to straighten the nozzle while it was 
mounted in the fixture. With the invention as described 
above, a bend of as little as 0.001 inches was detected and 
, repaired. As the maximum detectable bend depends on the 
length of the tip and the resolution of the indicator, the 
apparatus can be adjusted to allow for the maximum allow- 
able bend. 

Tbe inHjraurr uad was a dial indicator manufactured by 
; Teclock Corporation of Japan, model number LT-310, 
although many other indicators, rwrihnirical 26 (as shown in 
FIG. 1) or dectromcal 30 (as shown in FIG. 2) would 
function sufficiently. Tbe magnetic indicator stand was a 
model number 657 rnanufacturcd by Starrettof Athol, Mass, 
> The collets for the nozzle were rnarnifactured of steel by an 
in house irrachimi shop. Tbe bracket for the collet was 
rnanufacturcd of aluminum and the base was steel, and each 
was manufactured by an in- house marhim* shop. 
While this invention has been described with reference to 
i illustrative embodiments, this description is not meant to be 
construed in a limiting sense. Various modifi rati cms of the 
illustrative embc>dimenis, as well as additional embodiments 
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of the invention, will be apparent to persons skilled in the art 
upon reference to this description. For example, various 
embodiments of the invention can be used to repair other 
workpieces such as other types of nozzles, tubes or pipes. It 
is therefore contemplated that the appended claims will s 
cover any such modifications or embodiment* as fall within 
the true scope of the invention. 
What is claimed is: 

1. A method for straightening a tube, comprising the 
following steps: io 

a) providing a distance indicator; 

b) providing a collet; 

c) placing a tube into said collet; 

d) providing an indicator tip which indicates a position of 15 
said lube; 

e) routing said collet thereby rotating said tube, said 
indicator indicating a position of said tube; 

f) straightening said tube with a rod responsive to said 
l, said collet supporting said tube during said 20 



2. The method of claim 1, wherein said step of rotating 
said collet is repeated after said step of straightening said 
tube. 

3. The method of claim 1 wherein during said step of 23 
rotating said collet, said indicator indicates horizontal move- 
ment of said tube. 

4. The method of claim 1 further cornpristng the step of 
providing a bracket which positions said collet with respect 

to said indicator tip. 30 

5. The method of chum 1 wherein said tube is a nozzle for 
semiconductor assembly equipment 

6. The method of claim 1 wherein said tube has a hollow 
portion therein, and said method further comprises the step 

of placing said rod into said hollow portion and straighten- 35 
ing said tube responsive to said indication on said indicator. 

7. A method for bending a workpiece, comprising the 
following steps: 

a) providing a distance indicator, 

b) providing a collet; 4 

c) placing a workpiece into said collet; 

d) moving said collet thereby moving said workpiece, 
such that said indicator indicates a position of said 
workpiece; 4 

e) bending said workpiece responsive to said indication of 
said workpiece position. 



8. The method of claim 7 wherein said collet supports said 
workpiece during said bending. 

9. The method of claim 7 wherein during said step of 
moving said collet, said indicator indicates horizontal move- 
ment of said woricpicce- 

10. The method of claim 7 further comprising placing a 
rod into a hollow end of said workpiece during said bending 
step. 

11. The method of claim 7 further rornprking the step of 
straightening said workpiece during said bending step. 

12. The method of claim 7 wherein said workpiece is a 
nozzle for semiconductor assembly equipment 

13. The method of claim 7 wherein said collet is replace- 
able. 

14. The method of claim 7, further comprising using a rod 
to aid in bending said workpiece responsive to said indica- 
tion. 

15. The method of claim 7 wherein said workpiece has a 
hollow portion therein, and said method further comprises 
the step of placing a rod into said hollow portion and 
straightening said workpiece during said bending step. 

16. A method for straightening a bend of a hollow vacuum 
nozzle for sermcondnctor assex 
the following steps: 



b) providing a rotatable collet; 

c) placing a hollow vacuum nozzle into said collet; 

d) providing an indicator tip movably attached to said 
distance indicator, said imtiramr tip R anging said 
hollow vacuum nozzle; 

e) rotating said collet and said nozzle, said tip riding on 
said nozzle such that said ■ni fir at " r tip fa^fr^tff the 
position of said nozzle; 

f) placing a rod into an exposed end of said hollow 
vacuum nozzle and bending said hollow vacuum nozzle 

' responsive to said indication on said indicator, said 
collet supporting said nozzle daring said bending step. 

17. The method of claim 16 wherein said collet is rotat- 
able through 360". 

18. The method of claim 16 wherein said step of rotating 



19. The method of claim 16 wherein during said step of 
rotating said collet and said nozzle, said collet is rotated 
which thereby rotates said nozzle. 
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[57] ABSTRACT 

An alignment verification device for a rotating shift that 



center axis. Mounted on the calibration adapter assembly in 
a concentric manner is a dial indicator. The stem of the dial 
indicator is to be placed against a jxeciseiy manufactured 
alignment shaft which has been temporarily substituted for 
a rotating shaft whose axis of rotation is to coincidi: wilh the 
longitudinal center axis of die calibration adapter assembly. 
Rotational relative movement between the stem and the 
shaft wfll produce readings on the dial indicator with any 
deviations of the axis of rotation fromthe longitudinal center 
axis being discovered by the dial indicator, A zeroing 
mrrhanism is to be utilized in conjunction with the calibra- 
tion adapter assembly prior to connection with the rotating 
shaft The zeroing mechanism takes the form of a gauge plug 
which is to be mounted in a close tolerance manner within 
a through hole formed within the calibration adapter assem- 
bly. The gauge plug has a protruding rod whose longitudinal 
center axis coincides with the longitudinal axis of the 
calibration adapter assembly. The stem of the dial indicator 
is to contact the protruding rod and upon rotational relative 
movement between the stem and the protruding rod a zero 
value can be ascertained on the dial indicator. 

3 Chums, 2 Drawing Sheets 
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ALIGNMENT VERIFICATION DEVICE FOR types of measuring devices are not sufficient to ascertain 

A ROTATING SHAFT accurate rales of dissolution of tbepOL 

There is currently available dissolution testing equipment 
where a concerted effort is being made so that each test that 
5 is performed within each flask is subjected to precisely the 

1) FIELD OF THE INVENTION same conditions as in each cither flask. However, prior to the 

The field of this invention relates to a alignment verifl- ^ T^^^L^ ^, kn ^^ I ^ <aporatc 

f™- , rr**ti«* s „3 i i ♦ a device that is designed specifically to calibrate this equip- 

cation device fa a rotating shaft and more parbxularly to an tesuhat is performed witbiTeach 

alignment verification device for a rotating shaft of a dis- in aVX u!^?^Z-Z~~a P=»«rmcu wumn <=^ 

solution apparatus which uses a lotatfoglhaft to apply a ^ * identically performed, 

turbulence to a liquid within which is located a pilL SUMMARY OF THE INVENTION 

2) DESCRlFnON OF THE PRIOR ART ^ ^ ^ ^ ^ ^ ^ ^ 
Drugs arc wmmcmly rnanufactured and sold in rill form. conjunction with an apparatus that has a plurality of test 

Mis generally refer to tablets, capsules and caplets. Pills are « flaskswiminwnkna SuW is to oecoi«u^5! Generally the 

obstructed to release drugs the body over a period of CWItt1a iiy d uplfcatethc add ccataiiiedwiminthe 

time. It is generally not desirable to release all of the drug stomach of a bod/sucb as a human body. Each flask is 

immediatcry into the body. Therefore, it is necessary before contained wirMn a bam wim to b^ 

a particular drag is marketed to iiic«porate that drug in pill ^ temperature wife the liquid contained in each flask 

f<™ and then to ascertain the amou^ 20 being maintained at this temperature. The stiira comprises 

released into the body over a preset period of time. a blade which is mounted on arotating shaft. The blade is to 

There are conventionally available pieces of equipment be movable from a displaced position from the flask to 

that are used to ascertain the amount of release of a drag into within rtir fl»A Tim « « aynn Matte far each The 

the stomach of a body such as a human body. Generally device of the present invention is to be used to precisely 

these pieces of equipment utilize a plurality of fl asks each of 25 ascertain the centering of this blade so that it coincides with 

which contain a quantity of the liquid. Generally the liquid the longitudinal center axis of its respective flask. This 

will essentially duplicate the liquid that is commonly con- centering is accomplished by utilizing a calibration adapter 

lained within the stomach of the body. The most common assembly that is placed over and completely covering the 

type of body would be a human body. However, it is flask mounting part Mounted on the calibration adapter 

certainly within the scope of this invention that the equip- 30 assembly is a dial indicator, with the dial iridicator having a 

meat could be utilized to test absorption rates for other linearly movable stem. lineal movement of the stem 

bodies such as horses, cows, dogs, cats and other animals. changes the reading within a measurement reading section 

Into each flask there is deposited a pill of the drug. A of the dial indicator. The free end of the stem is to be placed 

mixing device is inserted within each flask and is to be in contact with the rotating shaft of a paddle. Relative 

moved in a manner to essentially duplicate the turbulence movement is to occur between the shaft and the stem while 

mat generally would be created naturally within the stomach at the same time observing of the measurement reading 

of the body. Aliquots are removed from each flaiV a preset section. If there is a significant variance indicating that the 

periods of time with these aliqoots to be tested to ascertain shaft is not precisely in alignment with the tongftudtoal 

the amount of the drug that has been dissolved within each w center axis of die flask, the dissolution test apparatus must 

flask. It is common that before a drug is given permission to be repaired to establish conect alignment. Prior to using the 

be sold that a substantial number of such tests are performed dial indicator, generally it would be desirable to insure that 

with an average being calculated so mat the precise dlssolv- the dial indicator is located at a zero starting position. In 

ing nature of the drug is ascertained. order to achieve this, a gauge ping that has a protruding rod 

In order to precisely ascertain the amount of drug that is ^ ismoaiitedwinMn a precisely csnt^ 
absorbed, the equipment that is used will subject the flask to mounted within the calibration adapter assembly with the 
a precisely known ternperatare. Also the mixing device that prc4ruding rod being precisely located on the longitudinal 
is placed within each flask must precisely nrix the liquid center axis of the calibration adapter assembly. Therefore, as 
wbhin each flask in exactly the same manner. Therefore, it the stem is moved about the r*otruding rod, if the measure- 
is important that the mixing device be centrally located x mcnt reading section of the dial indicator is not precisely 
within the flask. It is also important that the miiing device maintained at a zero position, the dial indicator is to be 
not be skewed in any angle but is lecatedin direct alignment adjusted so mat it is located at a zero position, 
with the longmidtnal center axis of the flask. The primary objective of the present invention is to utilize 

It is common that such testing apparatuses are able to <hc rotating shaft centering device of this invention in 

perform a number of such tests simultaneously. Therefore, 55 conjunction with a calibration kit so mat a rotating shaft can 

before such tests are initiated, it is necessary to ascertain that be checked as to alignment relative to a flask into which the 

the position of the mixing paddle for each flask is precisely shaft is to be inserted. 

positioned along the tongitudinal center axis of its flask. In npsCRrPTION OF the DRAWINGS 
the past it was common to just "eyeball- the mixing paddle BREF DESCRIPTION OF THB DRAWINGS 
so that the rotating shaft of the mixing paddle would be in & FIG- 1 is an Isometric view of the cahhration adapter 
substantial a u gri rre ntwimthclongiUidinal center axis of the assembly utilized in conjunction with the alignment verm- 
flask. However, under current practice, the eyeballing tech- cation device for a rotating shaft of the present invention 
m'que is not sufficient showing the calibration adapter assembly being connected 
Adtfitionally. die mixing paddle would be measured by with a gauge plug for purposes of zeroing the position of the 
some kind of simple measnrement device again to ascertain 65 dial indicator mounted on the calibration adapter assembly; 
that the rotating shaft coincides with the longitudinal center FIG. 2 is a cross-sectional view taken along line 2 — 2 of 
axis of the flask. However, at the current time, these simple FIG. 1; 
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EK3. 3 is a cross-sectional view similar to FIG. 2 but with the longitudiii^ cealora^ 40 of their respective flasks 
showing the calibration adapter assembly being mounted in 26. Wbcnttusposmoo is established^ 
conjunction with the opening which would normally support fixed relative to vertical rods 42 ami 44. 
a flask, the calibration adapter assembly being utilized to Brfrrring pmtimlaHy tn Fin 1, there in nhnwn » caHtm u 
ascertain the center position of an dignmeat shaft which has 5 

tion adapter assembly 56 which has a flat upper surface 58 
been substituted for a rotating shaft that is to be inserted and a flat bottom surface 6*. The calibration adapter assem- 
wimin the flask; and My5< ^ areolar construction forming a circular adewafl 

EDG. 4 is an isometric view of an apparatus that is utilized 62. Aligned with the upper surface 58 is an annular flange 
to ascertain the rates of dissolution of pais, 64. Centrally fanned within the calibration adapter assembly 

to 56 and extending between the upper surface 58 and the 
DETAILED DESCRIPTION OFTHE bottom surface 6* is a through hole 66. 

PREFERRED EMBODIMENT Agaugeplug 68is tobe n^unted wiatin tbebole 66 k a 

Referring particularly to the drawings, mere is shown in very close tolerance arrangement Generally there is not 
FIG. 4 a dissolutioD test apparatus 10. The apparatus It has more than a 0D01 inch size differential between the gauge 
abaseUwmciisnK^tedonapliiTaUtyrf feet 14. The feet 13 plug «8 and through hole 66. The head 79 of the gauge ping 
14 are adjustable and it is intended that the feet 14 are to be 68 is to abut against the flat bottom surface 6*. Fixedly 
adjusted so that the upper surface 1 6 of the base 12 is located mounted and centrally disposed along the longitudinal cen- 
prctnsch/ leveL Mounted on the base 12 are a pair of side ter axis of the gauge ping 68 is a protracting rod 72. The 
iwminring members 18 and 2f . Placed on the mounting position of the protruding rod 72 in conjunction with the 
members 18 anl 2* is a platfcsn2Z In between u^ platform 20 gauge plug 68 is precisefy located. The protruding rod 72 
22 and the upper surface 16 there is located a tub 24. Tub 24 and the gauge plug 68 arc manufactured to a high degree of 
rests on the upper surface 16. The tub 24 has an internal tolerance. The Drotruduig rod 72 is to be aligned along the 
chamber which is to be filled with the liquid such as water. longitudinal center axis 40 and extend outward from the flat 
The water will be circulated with its temperature being upper surface 58. 

precisely controlled by appropriate circulation and tranpera- 25 Fixedly mounted on the flat upper surface 58 are blocks 
tnreccwtrolimg systems wlu<h are not shc^w described in 74 and 76. Blocks 74 and 76 are diametrically located 
conjunction with this Invention. opposite each other oo opposite sides of the prctrnding rods 

Platform 22 has a series of openings (not shown) with 7Z VbuxBy mounted in the block 76 by means of set screw 
eight in number of such openings being shown. The appa- M 86 andexteiidinglaJeralry nx>mhkxt76is arod78-Rod78 
ratns It could have less openings such as six in number. i* to function as a handle that can be used by a human to 
Moimieduconjuiictionwimeachcp ff»*P androtate the auibratiOT adapter assemmy 56. Rxedly 

flask 26 has a mouth 28, Sunxmnding the mouth 28 is an mounted within lheblock74byincans of set screw 84 is a 
annular flange 30. Mounted on the platform 22 is a plurality Skcve 89. Toe sleeve 89 is fixedly connected to dial mdt- 
oftarnabk belong menuxre 3 35 cator housing 82. 

members 32 for each annular flange 30. Locking members Movabryretaitu^wiminthelongitiKlm 
32 are to be moved to a position to securely fix in position 81 of sleeve 89 is a stem 88. The outer end of the stem 88 
each annular flange 30 thereby securing in position each is formed into a hp 99. Mounted within the dial indicator 
flask 26 to the platform 22. Disengagement of the locking housing 82 is an appropriate mechanism (not shown) which 
members 32 for a flask will permit the flask 26 to be w will move the pointer 92 located on dial face 94. The dial 
reiiKwednxmtbepifltfaim2Zlheinampo face 94 is to be adjustable so lhat with the tip 99 coming into 

26 will be submerged within the water contained within the contact with prc4roding rod 72 the pointers 92 should be 
tub 24 when the flask 26 is supported by the platform 22. located at the zero position. The pointer 92 is to be located 
A paddle 34 is to be insertaWe within each flask 26 with at the zero position by turning of ring 93 which also tarns 
it to b«iuidcrstc<xl that there is a separate padaUe 34 fee each « dial face 94. When the zero position is obtained, lock out 
flask 26. Each paddle 34 is connected to a shaft 36. The knob 96 is tightened thereby fixing in position the dud face 
shafts 36 are mounted in a head 38, it is to be noted that in 94 relative to the housing 82. The knob 98 can be manually 
referringto PH3. 4 that mere ate eightmnumberof the shafts tamed which will result in movement of the stem 88 without 
36. Bach shaft 36, and its attached paddle 34, is locaJabic the tip 99 being moved against any exterior structure. At 
wiflrin a flask 26. 5q tunes it may be desirable to just move Ine tip 99 away from 

The 1^38 is movablyna^uj^ on vertical rods 42 and rod 72 during m insinuation. After tabulation, the knob 
44. The head 38 is movable on the rods 42 and 44 by 98 is turned until the up 9* contacts the protruding rod 72 
- - - - or a shaft 36. 



y grasping of the handle 46 and lifting or lowering 



of the head 38. The paddles 34 can be located in a spaced Rod 78 is to be used as a handle to rotate the calibration 

position above each of their respective flasks 26, as is shown 55 adapter assembly 56 at >east one revolution about the 

in FIG. 4, or the head 38 can be lowered so that flic paddle rsohuding rod 72. At the same time, the user is to observe 

34 can be submerged within the liquid contained within its the dial face 94 and make sure that the pointer 92 remains 

respective flask 26. With the paddles 34 submerged, the on the zero position. If the pointer 92 does remain on the 

rotation of the shafts 36 can be initiated by activating of such zero position, it is assured that the dial indicator housing 82 

through control panel 48. Bis to be undostood that the speed tio is precisely ronceiitrically located relative to the longtadi- 

of rotation of the shafts 36 can be selected according to nal center axis 49. The gauge plug 68 is thusly referred to as 

individual needs. The vertical rods 42 and 44 are mounted * zeroing mechanism. 

between the base 12 and yoke 50. Yoke 59 is also mounted The stem 88 is movable linearly in a given direction 

relative to the base 12 by means of support members 52 and toward and away from said protruding rod 72 or shaft 36. 

54. The head 38 can be adjusted laterally relative to vertical 65 The user then retracts the stem 88 by operating Of retract 

rods 42 and 44. The position of the head 38 is initially knob 98 so as to displace the tip 99 from the longitudinal 

established with the front comer shafts 36 being aligned center axis 40. The gauge plug 68 is then removed from the 
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through opening 66, A flask 26 is then removed from the 
annular plastic ring 1*0 which is mounted within opening 
161 of the platform 22. The calibration adapter assembly 56 
is then placed within the ring If* with the annular flange 64 
resting against the annular zing ISO. This now orients the 5 
longitudinal center axis 40 of the calibration adapter assem- 
bly 56 in alignment with the longitudinal center axis of the 
flask 26. 



plastic ring 160, the calibration adapter assembly 56 can be 10 
readily rotated manually by the application of a small 
amount of force to the rod 78. The shaft 36 that aligns with 
the calibration adapter assembly 56 is removed from the 
head 38. In its place, there is mounted a precisely mamifoc- 
Cared straight alignment shaft 102. The alignment shaft 102 u 
is located against me tip 96. The head 38 is then moved to 
a lowermost position while observing the position of me 
pointer 92. Between the lowermost position and the upper- 
most position of the head 38, the maximum displacement of 
the pointer 92 of the dial indicator should not exceed 030 20 
milliiortm. The procedure; is to be repeated for cadi shaft 
36. 

The alignment shaft 102 is men removed and the shaft 36 
reinstalled in position. The head 36 is lowered sufficiently to 
where tip 90 will contact the shaft 36 at a position directly 25 
adjacent its paddle 34. The shaft 36 is men driven so to be 
rotated at about 50 rpm. The varying of the position of the 
pointer 92 should not exceed 1.0 millimeter, ff that value is 
exceeded by the pointer 92, the shaft 36 is either straight- 
ened or replaced. This procedure is to be repeated for each 30 
shaft 36. 

What is claimed is: 

1. An alignment verification device fear a rotating shaft 



a calibration adapter assembly having a longitudinal cen- 
ter axis; and 



reading section, said dial indicator being movable in a 
precise circle concentrically about said longitudinal 
center axis, said dial indicator having a stem which is 
movable linearly in a given direction, lineal movement 
of said stem produces different readings within said 
measurement reading section, said given direction 
being substantially perpendicular to said longitudinal 
center axis, whereby said stem is to be placed against 
an alignment shaft which has been substituted for the 
rotating shaft with the rotational axis of the alignment 
shaft coinciding with said longitudinal center axis, and 
upon rotation of the calibration adapter assembly, any 
deviation, and the amount thereof, of the alignment 
shaft (and hence the rotating shaft when it is replaced 
after removal of the alignment shaft) from said longi- 
tudinal center axis will be noted on said measurement 
reading section. 
2. The alignment verification device for a rotating shaft as 
efined in claim 1 wherein: 

handle means mounted on said calibration adapter 
assembly, said handle means permitting manual pivot- 
ing of said calibration adapter assembly about said 



3. The alignment verification device for a rotating shaft as 



a zeroing mechanism for said calibration adapter a 
bry to be used prior to connection of said calih 
adapter assembly with the rotating shaft, a mronghhole 
formed In said calibration adapter assembly, said 
through hole having a center axis that coincides with 
said longitudinal center axis, said zeroing m e chan i sm 
comprising a gauge plug having a protruding rod, said 
gauge plug located in said through hole in a dose 
tolerance manner with said stem placed against said 
protruding rod, whereby rotation of said s 
produce a zero reading on said a 



assembly, said dial indicator having a measurement 
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ABSTRACT 



An apparatus for measuring flatness of a surface includes a 
locator element slidingly engageable with a slider element in 
a first direction, and a height measuring instrument having 
a linear probing device Is mounted to the slider element An 
alignment feature is used for limiting relative motion 
between the sliding element and the locator element to the 
first direction when the slider element is engaged with toe 
locator element. An exemplary embodiment includes a loca- 
tor block having a top side and a bottom side and a slider 
block engageable with the locator block on the top side. An 
elongated aperture is disposed through the locator block and 
is elongated in the first direction. A mechanical dial indicator 
with a plunger rod projecting is mounted in the slider block 
and the plunger rod is posilionabk through the elongated 
aperture. A recessed slideway is disposed in the top side of 
the locator block and the slider block has a squared offend 
conforming to shape of tbe recessed slideway to limit 
relative motion between the blocks to the first direction. 

14 Claims, 5 Drawing Sheets 
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FLATNESS GAGE the other one of tbe blocks which has a squared off end 

conforming to a rectangular shape of the recessed slideway 
BACKGROUND OF THE INVENTION to [imit re | at ive motion between tbe blocks to tbe first 

1. Field of the Invention direction. The recessed slideway is preferably in the lop side 
Tfisinventionrektesgeoerallytonatnessgagesanddial 5 °f "» | X J"** r^t^I 

indicators and, more particularly, to handheld flataess gages * a mechar^ d,d »nd.cator with a plunger rod p^echng 

# j , j. , therefrom which is tbe linear probing device. Other height 

n^rporating height measuring devices such * . dial i^ents may include digital height measuring 

^Srt " con J UDChOD wth ***** instruments and devices. The dial indicator preferabfy 

„ P „. FS ". , , „ . , . io includes a frame having a dial portion and a tube portion 

2. Discussion of the Background Art extending outward therefrom and circumscribing tbe 
Almen strips have long been used for quality control of plunger rod. The frame may be mounted to tbe slider block 

shot peening processes. Flat holders are used to hold the by the tube portion disposed in a holding aperture through 

Almen strips in shot peening cells to test the effectiveness the slider block. Standoff feet may be placed on tbe bottom 

-and quality of the shot peening procedure and apparatus. 15 ^ a ( me locator block and may be studs extending out 

Almen strips are well known for use in tbe field of shot fr om toe bottom side of tbe locator blocks and may have 

peening quality control, see U.S. Pal. No. 2,620,838. The tooling balls on bottom ends of tbe studs. 

Almen strips are held in Almen strip holders and shot peeped ^ particu ,„ embodiment of the present invention is an 

in tbe cells. The effectiveness of the Almen stop test and its apparltus for measuring flatness of a Almen strip holding 

iisefuloess as a quality assurance procedure is very much ^ of an Aimea ^ bolder. A centering feature is used 

dependant on tbe repeatability of tbe Almen strip testing for me probillg substantially along a lou- 

pmcedure There is a need to assure the flatness of a flat alltet]iae of ^ Atoen strip holding surface. The 

surface of the Almen strip holder against which the Almen featuro ^ tbe e| tcd rture g elK;nl U y 

stnp is held during tbe shot peening of the Almen stop. This ^ a{eK d aw ^d disposed through the locator block and 

is not always an easy thing lo do, parucularly, wben tbe a eloDgated m , he toDginldina i direction. 

Almen stop holder is mounted on a model designed to j ^ M hereinafter described, a preferred 

sunulate the part being shot peered^ Models of gas turbine embodimem fc various other .nodifica- 

engine parts such as rotor disks and blades are often built ^ ^ alteraatc F con5trdCtions ^ be ma de thereto witb- 

wiih Almen stop holders mounted at key positions to ou , departing fom the true spirit and scope of the invention, 
simulate the shot peening process for quality control pur- 30 

poses. Almen strip holder flat surfaces should be flat and in ADVANTAGES OF THE INVENTION 

one example it should be within 0.001 inches so that the The present invention is effective in measuring the flat- 

Almen intensity values are not corrupted. Holders with flat 0 f tbe fiat holding surface of Almen strip holders and is 

surfaces that are slightly concave or convex can reduce or useful m a quality assurance procedure is very much depen- 

increase curvature of the pcened strip and produce intensity 3S dant on the repeatability of tbe Almen strip testing proce- 

values that are too low or too high. Simple fixtures with dure ft is relatively small, portable, handheld, and easy to 

accessible Almen strip holders can be easily checked for use by a shot peening machine operator during production 

flatness on a surface plate but Almen strip holders thai are and/or calibration of the shot peening machine. It can be 

attached or welded to scrap parts or lest models are difficult, used l0 assure the flatness of the flat surface of the Almen 

if not impossible, to check. Therefore, it is very desirable to 40 no kkr that is mounted on a model designed to simulate 

have a handheld device that is portable and capable of me part being shot peened and particularly ones that are 

checking flatness of Almen strip holders in hard to reach or difficult to access. 

otherwise inaccessible locations. It is desirable to have an __ _„ A 

easy to use flatness measuring device that allows for a quick BR JEF DESCRIPTION OF THE DRAWINGS 

check of the flatness of tbe Almen strip bolder. Il is also 45 The novel features believed characteristic of the present 

desirable that the device be portable, handheld and operated, invention are set forth and differentiated in the claims. The 

and easily maneuverable in order to be used on model invention, together with further objects and advantages 

positions that are difficult to access. thereof, is more particularly described in conjunction with 

the accompanying drawings in which: 

SUMMARY OF THE INVENTION $Q mG 1)Si perspective view of an apparatus for measuring 

Briefly, in accordance with one aspect of the present flatness of Almen strip holders mounted on a shot peening 

invention, an apparatus for measuring flatness of a surface model in accordance with an exemplary embodiment of the 

includes a locator element slidingly engageable with a slider present invention; 

element in a first direction, and a height measuring instru- FIG. 2 is an elevated view of the apparatus for measuring 
ment having a linear probing device mounted to the slider 55 flatness of Almen strip holders mounted on an alternative 

element. An alignment feature is used for limiting relative shot peening model; 

motion between the sliding element and tbe locator element FIG. 3 is an enlarged view of tbe apparatus for measuring 

to the first direction wben the slider element is engaged with flatness difluser over an Almen strip holder illustrated in 

the locator element. FIGS. 1 and 2; 

In tbe preferred embodiment, tbe locator element is a w FIG. 4 is an exploded view of the apparatus illustrated in 

locator block having a top side and a bottom side and the FIG 3; and 

slider element is a slider block engageable with the locator FIG. 5 is an elevated view of an alternate embodiment of 

block on the lop side. An elongated aperture is disposed ^ apparatus in FIG. 3. 

through the locator block and is elongated in the first " nFsrR , Fn oN 

direction. The linear probing apparatus is positionahle 65 DtlAlUvD Dfc&CKJfnON 

through the elongated aperture. The alignment feature is a Illustrated in FIG. 1 is an exemplary embodiment of an 

recessed slideway in one of tbe blocks adapted for receiving apparatus 10 used for measuring flatness of a surface such as 
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an Almen strip holding flat surface 12 having a longitudi- 
nally extending cenierline 8 on an Almen strip bolder 14. 
Almeu strip holders 14 are used on shot peecing models for 
quality assurance of shot peening processes, machines, and 
cells. A rotor aod blade model 16 is illustrated in FIG. 1 
while a rotor disk model 18 is illustrated in FIG. 2. The 
Almen strip holders 14 are mounted on mounting rods 20 
extending radially from a conical body 24 which models a 
rotor section of a gas turbine engine. The Almen strip 
holders 14 arc portioned to represent the areas for quality 
assurance testing of the rotor parts they represent. In FIG. 2 
Ibe Almen strip holders 14 are portioned to represent posi- 
tions on blades of a rotor that shot peencd. The Almen strip 
holders 14 are mounted directly to a circular surface 22 of 
the disk model 18 in FIG 2. 

Illustrated in FIGS. 3 and 4 is the Almen strip holder 14 
and the flat surface 12 upon which an Almen strip (not 
shown) is placed and secured by hold down screws 26. The 
apparatus 10 is used to measure the flatness of the flat 
surface 12 by measuring variances in the height of the 
surface. A locator block 30 is placed over the flat surface 12 
and a slider block 32 is slideably engaged with the locator 
block. A dial indicator 34 exemplifies one type of height 
measuring means thai can be attached to the slider block 32 
to make flatness or height measurements on the flat surface a 
12. A longitudinally elongated aperture 36 is disposed 
through the locator block 30 and a plunger rod 40, an 
exemplary linear probing means, is posilionable through the 
elongated aperture to engage Ibe flat surface 12. The dial 
indicator 34 has a frame 50 with a dial portion 52 and a tube x 
portion 56 extending outward therefrom and circumscribed 
about said rod 40. The frame 50 is mounted to the slider 
block 32 by the robe portion 56 disposed in a holding 
aperture 58 through the slider block and removably secured 
in place by set screw 60 in a threaded aperture 62 through J5 
the slider block 32 wbich interacts the holding aperture 58. 

Alignment of the plunger rod 40 with the longitudinally 
extending cenierline 8 is provided by a recessed slideway 42 
in the locator block 30 for receiving the slider block 32. The 
slider block 32 has a squared off end 46 conforming to a w 
rectangular shape 48 of the recessed slideway 42 to limit 
relative motion between the blocks back and forth in a first 
longitudinal direction indicated by arrow A. 

Standoff feet 70 on a bottom side 78 of the locator block 
30 facilitates the handheld application and positioning of the 45 
locator block on the flat surface 12. The standoff feet 70 are 
illustrated as threaded studs 74 extending out from threaded 
apertures 76 on a bottom side 78 of the locator block 30 and 
tooling balls 80 may be used on bottom ends 84 of the studs. 
This configuration helps prevent and minimizes scuffing and 50 
scratching of the flat surface 12. 

Illustrated in FIG. 5 is an alternative embodiment with the 
recessed slideway 42 in the slider block 32 for receiving the 
locator block 30. The locator block 30 has the squared off 
end 46 conforming to the rectangular shape 48 of the 55 
recessed slideway 42 in the slider block 32 to limit relative 
motion between the blocks back and forth in the first 
longitudinal direction indicated by the arrow A. 

While the preferred embodiment of our invention has 
been described fully in order to explain its principles, il is 
understood that various modifications or alterations may be 
made to the preferred embodiment without departing from 
the scope of the invention as set forth in the appended 

What is claimed is: 

1. An apparatus for measuring flatness of a surface 



a locator means slidingly engageable with a slider means 

in a first direction, 
a height measuring means with a linear probing means, 
said height measuring means mounted to said slider 
means, 

an alignment means for limiting relative motion between 
said sliding means and said locator means to said first 
direction when said slider means is engaged with said 
locator means, 
an elongated aperture disposed through said locator 
means, 

said elongated aperture elongated in said first direction, 
and 

said linear probing means is positionable through said 
elongated aperture. 

2. An apparatus for measuring flatness of a surface 
comprising: 

a locator block slidingly engageable with a slider block in 

a first direction, 
a height measuring means with a linear probing means, 
said height measuring means mounted to said slider 
means, 

an alignment means for limiting relative motion between 
said sliding means and said locator means to said first 
direction when said slider means is engaged with said 
locator means, 
said locator block having a top side and a bottom side 
wherein said slider block is engageable with said 
locator block on said lop side, 
an elongated aperture is disposed through said locator 
block, 

said elongated aperture elongated in said first direction, 
and 

said linear probing means is posilionable through said 
elongated aperture. 

3. An apparatus as claimed in claim 2 wherein said 
alignment means comprises a recessed slideway in one of 
said blocks for receiving the other one of said blocks and 
said other one of said blocks has a squared off end con- 
forming to shape of said recessed slideway to limit relative 
motion between said blocks to said first direction. 

4. An apparatus as claimed in claim 3 wherein said height 
measuring means comprises a dial indicator and said linear 
probing means comprises a plunger rod projecting there- 
from. 

5. An apparatus as claimed in claim 4 wherein said dial 
indicator includes a frame having a dial portion and a rube 
portion extending outward therefrom and circumscribing 
said plunger rod, and said frame is mounted to said slider 
block by said tube portion disposed in a holding aperture 
through said slider block. 

6. An apparatus as claimed in claim 5 further comprising 
standoff feet on said bottom side of said locator block. 

7. An apparatus as claimed in claim 6 wherein said 
standoff feet comprise studs extending out from said bottom 
side and tooling balls on bottom ends of said studs. 

8. An apparatus for measuring flatness of an Almen strip 
holding surface of an Almen strip holder, said apparatus 

M comprising: 

a locator means slidingly engageable with a slider means 

in a longitudinal direction, 
a height measuring means with a linear probing means, 
said height measuring means mounted to said slider 
65 means, 

a centering means for cenleriug said probing means 
substantially along a longitudinal centcrlinc of the 



58 of 280 



EXHIBIT 7 



6,1^ 

5 

Almen strip holding surface extending in said longitu- 
dinal direction, 

said centering means including an elongated aperture 
generally centered along and disposed through said 
locator means, 

said linear probing means is positk>nable through said 
elongated aperture, and 

an alignment means for limiting relative motion between 
said sliding means and said locator means to said 
longitudinal direction when said slider means is 
engaged with said locator means. 

9. An apparatus for measuring flatness of a Almen strip 
holding surface of an Almen strip bolder, said apparatus 
comprising: 

a locator block slidingly eogageable with a slider block in 

a longitudinal direction, 
a height measuring means with a linear probing means, 

said height measuring means mounted to said slider 

a centering means for centering said probing means 
substantially along a longitudinal centerfine of the 
Almen strip holding surface extending in said longitu- 
dinal direction, 

an alignment means for limiting relative motion between 
said sliding means and said locator means to said 
longitudinal direction when said slider means is 
engaged with said locator means, 

said locator block having a top side and a bottom side 
wherein said slider block is eogageable with said 
locator block on said top side, 



6 

said centering means comprises an elongated aperture 
generally centered along and disposed through said 
locator block, 

said elongated aperture elongated in said longitudinal 
5 direction, and 

said linear probing means is positionabte through said 

elongated aperture. 
10. An apparatus as claimed in claim 9 wherein said 
io alignment means comprises a recessed slideway in one of 
said blocks for receiving the other one of said blocks and 
said other one of said blocks has a squared off end con- 
forming to shape of said recessed slideway to limit relative 
motion between said blocks to said longitudinal direction, 
is 11. An apparatus as claimed in claim 10 wherein said 
height measuring means comprises a dial indicator and said 
linear probing means comprises a plunger rod projecting 
there from. 

12. An apparatus as claimed in claim 11 wherein said dial 
20 indicator includes a frame having a dial portion and a tube 

portion extending outward therefrom and circumscribing 
said plunger rod and said frame is mounted to said slider 
block by said tube portion disposed in a holding aperture 
^ through said slider block. 

13. An apparatus as claimed in claim 12 further compris- 
ing standoff feel on said bottom side of said locator block. 

14. An apparatus as claimed in claim 13 wherein said 
standoff feet comprise studs extending out from said bottom 

M side and tooling balls on bottom ends of said studs. 
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ABSTRACT 



A fixture and method Cor providing accurate and repeat able 
alignment and attachment of a semiconductor wafer to a 
comer cube exposure fixture includes a vacuum-assisted 
wafer holder of rectangular shape. The wafer bolder is Gist 
placed upon an L-shapcd loading fixture so that a wafer may 
be positioned against the front surface of the bolder and 
manipulated until the pair of wafer flats abut each leg of lbe 
L-sbapcd fixture. When so aligned, a vacuum is applied to 
secure the attachment and alignment of the wafer vis-a-vis 
Ihe wafer holder. The wafer bolder is (hereafter inserted in 
a comer cube exposure fixture, where the fixture is formed 
to include a right-angle bracket with alignment features 
formed in one leg of the angle. Toe wafer bolder also 
includes alignment features in its bottom surface, where 
these features are formed to male with the bracket upon 
attachment. The proper placement and alignment of the 
wafer holder to the exposure fixture results in the wafer 
being disposed immediately adjacent to the reflective sur- 
face used to form lbe interference pattern on the wafer 
surface. The right angle in Ihe fixture ensures that the mirror 
surface remains orthogonal to (be wafer surface such that a 
uniform grating may be formed across the wafer surface. 

14 Claims, 5 Drawing Sheets 
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SEMICONDUCTOR WAFER FIXTURE FOR In accordance with the present invention, a semiconductor 

ALIGNMENT IN A GRATING EXPOSURE wafer is positioned against a vacuum opening in a wafer 

PROCESS bolder, where the bolder is removably attached to a loading 

TurunnrAT nmr . fixture. The holder and loading fixture are attached sucb that 

TECHNICAL FIELD s a | oade d wafers o^jor an d minor flats are butted against flat 

The present invention relates to a semiconductor wafer surfaces of the loading fixture. The wafer may be adjusted 

fixture a method for providing alignment of a wafer during until its flats are in intimate contact with these adjacent 

a grating exposure process and, more particularly, to a surfaces of the loading fixture. Once the wafer is in place, a 

vacuum-controlled fixture and method for providing accu- vacuum is applied to draw the wafer against the bolder. The 

rate and repealable alignment of a semiconductor wafer to a 10 holder is then removed from tbe loading fixture, and 

reflective surface for holographic grating exposure. attached to a corner cube exposure fixture, where the bolder 

BACKGROUND OF THE INVENTION 

Periodically corrugated surfaces (gratings) are widely of the vacuum to the bolder results in maintaining the 

used in many different optoelectronic devices. For example, is desired position of the wafer with respect to the bolder, that 

a surface grating structure can be used to provide a feedback is, tbe major and minor flats of tbe wafer arc coincident with 

path for distributed feedback (DFB) and distributed Bragg the respective edges of the holder. Tbe portion of the corner 

reflector (DBR) lasers. As an input-output coupler for selec- cube exposure fixture beyond the mirror surface is formed to 

lively exciting tbe modes of an optical waveguide, gratings include alignment features that mate with like alignment 

have advantages over other coupling techniques in being an 20 features formed on the wafer bolder. When (he bolder is 

integral part of the waveguide, mechanically simple, and therefore attached to and aligned with the mirror surface, the 

capable of coupling into waveguides fabricated from high wafer flat will automatically align with the mirror surface, 

index materials. Additional applications include integrated The self-aligned nature of tbe arrangement of the present 

narrowband filters, light deflectors, and phase matching invention thus results in tbe ability to expose uniform 

elements. 25 grating structures across the surface of the wafer, as well as 

A conventional method of forming tbe grating structure is expose gratings of the same periodicity on each subsequent 

referred to as a "holographic'' method, in which a grating wafer being processed. 

relief pattern is produced by interferometric exposure and In a preferred embodiment of the present invention, the 

development of photoresist on the wafer surface. The grating alignment features comprise a mating set of pins and 

is then transferred to the substrate by ion-beam milling or 30 apertures, wbere a same set of alignment features may be 

chemical etching. Various techniques exist to generate the used to attach tbe bolder to the loading fixture as well as to 

required interference pattern, including splitting a signal into align tbe holder to the comer cube exposure fixture. A 

two beams (spatially), then redirecting tbe two beams to the second set of alignment features may be formed on an 

wafer surface to form the desired interference pattern. In an orthogonal surface of the holder and mated with similar 

alternative arrangement, referred to herein as a "comer 35 features on tbe comer cube exposure fixture to ensure 

cube", tbe original exposure beam is directed at a mirror accurate alignment. 

surface disposed at 90° with respect to the wafer. The i n an alternative embodiment, tbe bolder may be further 

reflections from the mirror, in combination with the beam formed to include a screw-down attachment for further 

directly impinging the wafer, will form an interference securing the wafer holder to the comer cube exposure 

pattern on the wafer, where the angle of incidence of the 40 fixture. This additional attachment of the holder to the 

exposure beam on tbe mirror will determine the periodicity exposure fixture further prevents relative movement of the 

of the grating formed on the wafer. ha\<ki with respect to the exposure fixture which may occur, 

In many situations it is necessary to control the grating for example, as the fixture is rotated to change the exposure 

structure and periodicity as carefully as possible. For beam's angle of incidence. 

example, current DFB lasers utilize a grating a structure with 45 other and further features and embodiments of the present 

dimensions on the order of 0.1 fan lines and spaces. Small invention will become apparent during the course of the 

angular errors when manufacturing the grating by UV expo- following discussion and by reference to tbe accompanying 

sure can have drastic effects on the performance and manu- drawings, 
factoring of tbe DFB lasers. In the "corner cube" exposure 

arrangement, such angular errors have been attributed to 50 BRIEF DESCRIPTION OF THE DRAWINGS 

misalignment of tbe wafer with the reflective surface, thus Referring now to the drawings, 

varying tbe grating exposed on the wafer surface. In nG j M mustration of M exemplary wafer 

particular, a misahgnment may result in tbe grating varying hol(fcr ^ ^ ^ M , i oadin ^ fixture> ^ow- 

IE y • v ? W f r " Zi K **t SB *S * lhe oi* 0 ^ ° n ** holdw for 
abuityofthewafer-to-nurrorahgnroentisalsoproblemabc, « seo^e a wafer to the holder- 
resulting in the gratings being slightly different on each _ . . , , „„ , 
wafer at a number of wafers L p^ceLed in succession. FIG. 2 is a view of the arrangement of FIG. 1 



semiconductor secured, via the vacuum opening to tbe 



SUMMARY OF THE INVENTION holder, and aligned with the respective surfaces of the 

The limitations with the corner cube exposure fixture are w loading fixture; 

addressed by the present invention, which relates to a FIG. 3 is a side view the arrangement of FIG. 2, taken 

semiconductor wafer fixture and method for providing align- along line 3 — 3, showing in particular the tilt of the holder 

men t of a wafer during a grating exposure process and, more with respect to the fixture so as to aid in the securing of the 

particularly, to a vacuum-controlled fixture and method for wafer to tbe holder; 

providing accurate and repeatable alignment of a semicon- 65 FIG. 4 is a view of a free-standing wafer bolder, subse- 

ductor wafer to a reflective surface for holographic grating quent to its removal from the loading fixture and prior to its 

exposure. attachment to a comer cube exposure fixture; 
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FIG. 5 illustrates the attachment of the wafer holder of (underneath wafer 50) will pull wafer 50 against froDl 

FIG. 4 to an exemplary corner cube exposure fixture, the surface 16 of holder 10, securing wafer 50 in place, 

arrows indicating the direction of attachment; r n accordance with the teachings of the present invention, 

FIG.6 is a bottom view of an exemplary comer cube the utilization of surfaces 20,22 of loading fixture 12 as 

exposure fixture; and 5 alignment surfaces ensures that each wafer subsequently 

FIG. 7 contains an illustration of an exemplary vacuum- attached to holder 10 will always align with the edges of 

assisted wafer holder attached to and aligned with an excm- holder 10, resulting (as discussed below) in repeatable 

plary corner cube exposure fixture, the illustration including accuracy of the following grating exposure, 

a central mounted spindle for modifying the angular location In a preferred embodiment of the present invention, lower 

of the arrangement with respect to an incident exposure 50 surface 20 of loading fixture 12 is angled downward from 

beam, the arrows above the spindle indicating the direction front to back so that wafer 50 will naturally rest against front 

of movement of the arrangement. surface 16 of holder 10 prior to the application of a vacuum. 

FIG. 3 contains a cut-away side view of the arrange meet of 

DETAILED DESCRIPTION nG . 2 , illustrating in particular ibe front-to-back till of 

Ad exemplary vacuum assisted rectangular wafer bolder 1 lower surface 20. 

10, formed in accordance with the present invention, is Once wafer 50 has been properly aligned against surfaces 

shown in FIG. 1 as (removably) attached to an exemplary 20,22 of loading fixture 12 (and the vacuum applied to 

loading fixture 12. Rectangular bolder 10 is formed to secure wafer 50 in place), holder 10 is removed from loading 

include a vacuum opening 14 in a front surface 16, where 20 &* ture 12 FIG. 4 illustrates holder 10 upon removal from 

vacuum opening 14 is coupled to a vacuum source (not loading fixture 12. Particularly evident in this view is the 

shown), via a vacuum connection 18 attached to holder 10. alignment of major flat 52 of wafer 50 with side surface 24 

Loading fixture 12 is generally formed as an "L-shaped" of holder 10. As will be discussed below, this alignment is 

fixture including a lower surface 20 and a side surface 22, critical to obtaining accurate alignment of wafer 50 with the 

with side surface 22 formed as perpendicular to lower ^ reflective surface used to form the holographic grating 

surface 20. Rectangular holder 10 is positioned with respect pattern on the wafer surface. During the process of removing 

to loading fixture 12 such that a first side surface 24 of holder holder 10 from loading fixture 12 and thereafter attaching 

10 rests against lower surface 20 of fixture 12 and a top holder 10 to a comer cube exposure fixture, a vacuum force 

surface 26 of holder 10 rests against side surface 22 of is maintained to ensure that wafer 50 remains securely 

fixture 12. As will be discussed below in association with x attached to holder 10. 

FIG. 2, this positioning of rectangular wafer holder 10 with FIG. 5 illustrates the process of attaching bolder 10 to an 

respect to fixture 12 allows for a semiconductor wafer (not exemplary comer cube exposure fixture 60. As shown, 

shown) to be repeatably aligned with holder 10. exposure fixture 60 includes a mirror surface 62 formed on 

Referring back to FIG. 1, bolder 10 is shown as also a first leg 64 of a right-angle fixture 66. The remaining leg 
including a set of alignment features, where these features 35 68 of right-angle fixture 66 is formed to include a set of 
will be used hereinafter when holder 10 is attached to an alignment features 70,72 that mate with alignment features 
exemplary corner cube exposure fixture (as discussed below 30 and 28, respectively, of holder 10 upon attachment (as 
in association with FIGS. 5 and 6). In particular, rectangular indicated by the arrows in FIG. 5). First leg 64 of fixture 66 
wafer holder 10 includes a first set of alignment features 28, further includes a channel portion 74 disposed next to mirror 
30 formed in a bottom surface 32 of bolder 10, where in this 40 surface 61 As shown, when bolder 10 is being attached to 
particular embodiment alignment features 2830 comprise a exposure fixture 60, alignment features 3436 of holder 10 
pair of apertures. A second set of alignment features 34,36 will be inserted into channel portion 74, sliding down along 
are formed in side surface 24 and mate with a set of channel 74 as bottom surface 32 of holder 10 comes into 
alignment features 38,40 formed in lower surface 20 of contact with second leg 68 of right-angle fixture 66. Second 
loading fixture 12. In the embodiment illustrated in FIG. 1, 45 leg 68 may be formed to include a threaded aperture 76 that 
second set of alignment features 34,36 are shown as pins that aligns with (optional) threaded aperture 46 of holder 10. A 
mate with alignment apertures 38,40 of fixture 12. Holder 10 threaded screw 78 is then inserted through the underside of 
may also include a detent 42, formed in a side surface 44, to second leg 68 to affix holder 10 to second leg 68. As 
aid in the placement and adjustment of a semiconductor discussed above, this additional screw attachment is con- 
wafer against front surface 16 of bolder 10. A threaded so sidered to be optional, further ensuring that holder 10 
attachment member 46 (optional) is illustrated as formed in remains in position with respect to exposure fixture 60. 
bottom surface 32 of holder 10 and may be used, as i„ the utilization of a comer cube exposure fixture to 
discussed below, to secure the attachment or holder 10 to a expose gratings of different periodicity on a wafer surface, 
corner cube exposure fixture. , t js desirable to modify the position of the fixture with 

FIG. 2 illustrates the apparatus as described above in 55 respect to the exposure light source so as to change the angle 
association with FIG. 1, with a semiconductor wafer 50 of incidence of the exposure beam on Ibe mirror surface. In 
disposed against front surface 16 of holder 10. In accordance a preferred embodiment, corner cube exposure fixture is 
with the present invention, wafer 50 is positioned such that rotated with respect to a fixed light source to modify the 
its major flat 52 rests against lower surface 20 of loading angle of incidence. In this arrangement, comer cube expo- 
fixture 12 and its minor flat 54 abuts side surface 22 of 60 sure fixture 60 is mounted on a central spindle and rotated 
loading fixture 12. Hie inclusion of detent 42 in bolder 10 about a central axis formed by the coincidence of wafer 
allows for wafer 50 to be manipulated (by using a pair of holder 10 and exposure fixture 60. FIG. 6 contains a bottom 
tweezers, for example) until both flats 52 and 54 are aocu- view of right-angle fixture 66, formed to include a rear 
rately positioned. Once positioned, therefore, wafer Mats portion 80 with a rear aperture 82. In operation, as shown in 
52^4 will be similarly aligned with the associated edges of 65 FIG. 7, a spindle 86 is inserted over aperture 82 and used to 
holder 10. After wafer 50 has been manipulated into place, rotate the final structure to change the angle of incidence of 
a vacuum may be turned on so that vacuum opening 14 an exposure beam 1 is also shown in this illustration. 
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Id accordance with tbe present invention, tbe local ion of upon mating of said wafer holder with said corner cube 

wafer 50 wiro respect lo holder 10 results in flat 52 of wafer exposure arrangement, said comer cube exposure 

SO being positioned directly against, and at an angle of 90° arrangement further comprising an alignment channel 

to, mirror surface 62. Advantageously, the positioning of disposed adjacent to said minor surface for communi- 

wafer 50 with respect to mirror surface 62 can be controlled 5 eating with the plurality of alignment features formed 

such that the center line of wafer 50 will coincide with the on tbe side surface of said wafer holder upon mating of 

center line of mirror surface 62. Thus, any possible pertur- said wafer holder with said corner cube exposure 

b alio os in the exposed grating due to mirror "edge effects" arrangement. 

are essentially eliminated by using tbe central, more planar 3. An arrangement as defined in claim 2 wherein tbe wafer 

area of the mirror to provide the accessary reflections to w holder further comprises a threaded aperture included in the 

form the grating interference pattern. Additionally, the align- bottom surface thereof and the right-angle fixture second leg 

ment arrangement of the present invention is repeatable comprises a threaded aperture for aligning with said wafer 

bom wafer to wafer, as each wafer is accurately positioned bolder threaded aperture, said arrangement further compris- 

using loading fixture 12, as disci uwwl above. Since each ing a screw member for engaging both threaded apertures 

wafer is in essentially identical alignment, the gratings 1$ and attaching said wafer bolder to said right-angle fixture, 

exposed by tbe interference of reflected beam I with that 4. An arrangement as defined in claim 1 wherein tbe wafer 

portion of incident beam I directly impinging wafer SO will bolder further comprises a detent formed in a side surface to 

result in essentially identical gratings (denoted by lines 82) assist in the manipulation of a semiconductor wafer with 

being exposed on each wafer so processed. Advantageously, respect to said bolder. 

tbe use of a vacuum to bold wafer SO against holder 10 with M 5. An arrangement as defined in claim 1 wherein tbe 

a uniform force across the wafer surface results in an loading fixture lower surface is angled so as to tilt downward 

essentially uniform spacing of the gratings across the surface from front to back, said till for assisting in the placement of 

of the wafer. a wafer against the wafer holder front surface. 

It is lo be understood that there exist various modifica- 6. An arrangement as defined in claim 1 wherein the wafer 

tions to tbe above-described arrangement that are considered M bolder includes a vacuum port disposed through a rear 

to fall within the spirit and scope of the present invention. surface thereof, said vacuum port in contact with the vacuum 

For example, the alignment features may comprise more aperture on the front surface thereof such that upon the 

than a single pair of alignment features, and the use of pins application of a vacuum force, a semiconductor wafer dis- 

and apertures may be reversed. Additionally, vacuum port 18 posed over said vacuum aperture will remain attached to 

may be disposed at locations other that the back surface of x said wafer holder front surface. 

bolder 10. These and other modifications are all considered 7. An arrangement as defined in claim 2 wherein the wafer 

to be within the scope of the present invention as defined by holder bottom surface alignment features comprise a phi- 

tfae claims appended hereto. rality of apertures and the corner cube exposure fixture 

What is claimed is: plurality of alignment features comprise a plurality of pins 

1. An arrangement for mounting and aligning a semicon- JS such that said pins mate with said apertures upon attachment 
ductor wafer with a corner cube exposure fixture, the corner of said wafer holder to said comer cube exposure fixture, 
cube exposure fixture including a mirror surface for use in 8. An arrangement as defined in claim 7 wherein the 
forming holographic grating patterns on a semiconductor plurality of wafer holder bottom surface alignment apertures 
wafer surface, the arrangement comprising comprise a pair of alignment apertures and the comer cube 

a rectangular wafer holder including a vacuum aperture 40 ex P osure fixture plurality of alignment features comprise a 

through a front surface thereof for securing a semicon- pair of alignment pins. 

ductor wafer thereto, said holder further comprising a 9. An arrangement as defined in claim 2 wherein the wafer 

plurality of alignment features formed in a bottom holder side surface alignment features comprise a plurality 

surface and a side surface thereof, said vacuum aperture of alignment pins for engagement with the comer cube 

disposed such that upon attachment of a wafer lo said 4S exposure fixture alignment channel, 

wafer holder, the wafer flats will be adjacent to a lop An arrangement as defined in claim 9 wherein the 

surface and said side surface of said wafer holder; and plurality of alignment pins comprises a pair of alignment 

an L -shaped loading fixture defined as including a lower P lns ' 

surface and a perpendicular side surface, said loading 11 Amethod of aligning a semiconductor to a comer cube 

fixture having suitable dimensions with respect to said 50 exposure fixture for use m a holographic grating exposure 

rectangular wafer holder such that said wafer bolder process, the method comprising the steps of: 

side surface rests against said loading fixture lower a) providing a rectangular wafer bolder including a 

surface and said wafer holder top surface rests against vacuum aperture through a front surface thereof, said 

said loading fixture side surface, wherein upon place- bolder further comprising a plurality of alignment 

ment of a wafer against said wafer holder lop surface, 55 features formed in a bottom surface and a side surface 

a first flat surface of said wafer abuts said loading thereof; 

fixture lower surface and a second flat surface of said b) providing an L-shaped loading fixture defined as 

wafer abuts said loading fixture side surface. including a lower surface and a perpendicular side 

2. An arrangement as defined in claim 1 wherein the surface; 

arrangement further comprises to c) placing tbe rectangular wafer holder in relationship 

a corner cube exposure arrangement comprising a right- witb said L-shaped loading fixture such that the wafer 

angle fixture defined by a first leg and a second leg, said bolder side surface is contiguous with tbe loading 

fixture including a mirror surface formed on the first leg fixture lower surface and a top surface of the wafer 

and a plurality of alignment features formed on the bolder is contiguous with the load fixture perpendicular 

second leg of said right-angle fixture, said plurality of 6$ side surface; 

alignment features for mating witb the alignment fea- d) positioning a semiconductor wafer over the wafer 

tures formed on Ihc bottom surface of the wafer holder holder front surface so as to cover the vacuum aperture, 
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said semiconductor wafer including a major flat and a 
minor flat, the major and minor flats formed to be 
orthogonal to one another; 

e) adjusting tbe position of said semiconductor wafer until 
the major flat is contiguous with the loading fixture 
lower surface and the minor flat is contiguous with the 
loading fixture perpendicular side surface; and 

f) applying a vacuum to said wafer holder to maintain the 
semiconductor wafer in tbe aligned position achieved 
in step e). 

12. The method of aligning as defined in claim II wherein 
(he method comprises tbe further steps of: 

g) providing a comer cube exposure arrangement com- 
prising a right-angle fixture defined by a first leg and a 
second leg, said fixture including a minor surface 
formed on the first leg and a plurality of alignment 
features formed on the second leg of said right-angle 
fixture; 

h) removing the wafer holder from the loading fixture and 
attaching said wafer holder to said corner cube expo- 
sure fixture such that the bottom surface of said wafer 
bolder is contiguous with tbe second leg of the right- 
angle fixture and the side surface of said wafer holder 
is contiguous with tbe mirror surface of said right -angle 



;,830 Bl 

8 

13. The method of aligning as defined in claim 12 wherein 
the wafer holder further comprises a first set of alignment 
features formed in the bottom surface thereof and a second 
set of alignment features formed in the side surface thereof, 

s and the corner cube exposure arrangement further comprises 
a first set of alignment features formed in the second leg 
thereof and a second set of alignment features formed 
contiguous with the minor surface, tbe method further 
comprising the step of: 
l0 i) adjusting the wafer holder with respect to tbe corner 
cube exposure arrangement such that the first set of 
wafer holder alignment features mates with the first set 
of comer cube exposure arrangement alignment fea- 
tures and tbe second set of wafer holder alignment 
15 features mates with tbe second set of comer cube 
exposure arrangement alignment features. 

14. The method of aligning as defined in claim 13 wherein 
in performing step i), tbe corner cube second set of align- 
ment features comprises an alignment channel and the 

respect to the comer cube alignment arrangement until the 
first set of wafer holder alignment features comes into 
intimate contact with the comer cube exposure arrangement 
first set of alignment features. 
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ABSTRACT 



A self-adjusting accessory for a table saw that includes a 
guide for sliding in the guide groove of the work supporting 
table of a table saw and wbicb is biased against the edge of 
(he guide groove which is closest to the cutting blade. The 
guide bar is used in conjunction with the plurality of table 
saw fixtures such as a miter gauge, an alignment gauge and 
a slop gauge. The alignment gauge also forms pan of 
apparatus for carrying out a method of verifying the straigbt- 
ness of the arbor for the cutting blade, the alignment of the 
arbor relative to the guide groove of the work supporting 
table arid the flatness of the cutting blade. The invention also 
includes an apparatus for adjusting the alignment of the 
arbor relative to ibe guide groove of the work supporting 
table. 

3 Claims, 6 Drawing Sheets 
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METHOD OF VERIFYING THE sKdable mounting in the guide slot of the work supporting 

STRA1GHTNESS OF THE ARBOR OF THE taWe > 8 cross Dar which is connected to the guide bar for 

TABLE SAW supporting a gauge such as a feeler gauge which has a dial 
face, a dial and a plunger which is mounted on the gauge for 

This application is a Divisional of US. Ser. No. 08/459, 5 ^ movement relative to dial face and which is orxratively 

747, filed Jun. 2, 1995 (U.S. Pat. No. 5,735,054). connected to the dial. Although the gauge portion of the 

' verification device is a very accurate instrument, inaccurate 

BACKGROUND OF THE INVENTION readings are obtained from the gauge due to a less than 
precise fit of the guide bar portion of the verification device 

The present invention relates generally to a table saw within the guide groove and the lack of uniformity in tbc 

fixture and particularly to a fixture and fixture combinations 10 width of the groove. One prior art specification device 

which provide accurate alignment to enable square cuts to be utilizes a split bar which can be adjusted to fit into the guide 

made on a workpiece. The invention also relates to a method slot by screws which are threaded into the bar. However, the 

of verifying the alignment of the arbor for the cutting blade, device must be readjusted for another application. Also, 

relative to the guide groove in the work supporting table of prior art verification device which employ a dial gauge are 

a table saw, as well as a method of and apparatus for 15 limited in the ways that they can be used, due to the manner 

adjusting the alignment of the arbor relative to the guide in which the dial gauge is mounted on the cross bar. 
groove. Inaccurate cutting of a workpiece occurs even if tbe 

The modem table saw bas a work supporting table which longitudinal axis of tbe arbor is properly aligned with the 

is provided with a slot and at least o JguidTgroove in the w ^ ^ ^ V** h " of t ?* ^'^^ 

circular cutting blade is mount* I on an arbor which ts me M flat . If the arbor is straight and tbe 

rotatably mounted on a cradle which is connected to the bar of me fi(s u ^ guide groove of 

table so that the blade extends through tbe slot in tbe table. me uble MW( „ misalignment of the arbor relative to tbe 

The cradle is mounted on the table so that it can be raised or ^ guide groove or a warp in the cutting blade can be detected 

lowered and so that it can be rotated about a front to back by existing verification devices. However, there is no effec- 

boruontal axis. This enables the operator to adjust the U ve way to determine tbe suraighmess of the arbor without 

amount of cutting height of the saw and the cutting angle of removing the arbor from tbe table saw or of making a proper 

the saw, relative to tbe upper surface of the work supporting adjustment of tbe arbor if one or more other variables which 

Uble. M affect alignment are present. If there are errors or flaws in 

The arbor supporting cradle in most modem table saws is rwo or more variables, it is very difficult to verify and isolate 
pivoially mounted between a pair of trunnions. One trunnion flaws and to correct them. 

is fastened to the bottom surface of the supporting table at Proper alignment of tbe cutting blade and fixtures is 

the front end of the table saw. The other trunnion is fastened particularly critical when the table saw is used for cutting 

to the bottom surface of tbe supporting Uble at the rear end 3S very thin strips from a workpiece, Le. for cutting veneer 

of the saw. The rear trunnion is fastened by bolts which strips- For such ^in pieces, uniformity of thickness is 

extend through oversize holes in the rear trunnion. This critical. Culling accuracy must be maintained with low 

enables the rear trunnion to be moved laterally a small tolerance for error. Also, there is a lower limit to the width 

amount, relative to the front trunnion, to correct for a of arip which can be cut on a Uble saw by using conven- 

possible misalignment of the arbor relative to tbe guide „ lional equipment and methods. Still further, precise cuts are 

groove in the work supporting Uble. It is essential that tbe extremely difficult to obtain on a conventional table saw, 

arbor be at a right angle to the guide groove so that tbe using conventional fixtures. These and other difficulties 

cutting blade is parallel with the guide groove of the experienced with the prior art table saws, Uble saw fixtures, 

supporting Uble. If the cutting blade is not parallel with the »«* method of using the fixtures with Uble saws have been 

guide groove, the bolls which fasten the rear trunnion to the 45 obviated by tbe present invention. 

supporting table are loosened and the rear trunnion is forced It is, therefore, a principal object of the invention to 

into an adjusted position, for example by striking the uun- provide a verification apparatus for checking all variables in 

nion with a hammer to move the rear trunnion laterally and a conventional Uble saw which contribute to alignment 

to change the alignment of the cutting blade relative to the errors between the cutting blade and guide groove in tbe 

guide groove. This represents a crude and imprecise adjust- 50 work supporting Uble of the Uble saw. 
ing feature. It is extremely difficult to align the cutting blade Another object of the invention is the provision of a 

relative to the guide groove with any degree of accuracy by method of checking and measuring all variables in a con- 

the use of hammer blows. Also, even if an accurate align- ventional table saw which contribute to alignment errors 

ment of the cutting blade is achieved, the achieved correct between the cutting blade and tbe guide groove in the work 

alignment can be lost wben the bolts which bold the rear 55 supporting table of the table saw. 

trunnion to the Uble are tightened. A further object of the invention is the provision of an 

The accurate cutting of a workpiece can be affected by apparatus for and a method of positively and precisely 

factors other than tbe alignment of the cutting blade to the aligning the arbor of a Uble saw relative to tbe guide groove 

guide groove or the supporting table. These other factors in the work supporting Uble of the Uble saw. 
include a cutting blade which may not be perfectly flat, an M It is another object of the invention to provide a self- 
arbor which may not be perfectly straight and a guide groove adjusting guide bar for sliding in the guide groove of a Uble 

which does not have a uniform width or is too wide for the saw for use with a plurality of saw fixtures and which 
guide bar of a fixture which is used for a cutting operation. maintains a constant and precise relationship between the 

'Verification devices have been developed for checking the fixture and tbe cutting blade of the table saw. 
alignment of tbe cutting blade with the guide groove of a 65 Astill further object of the invention is the provision of an 
table saw and for the flatness or the cutting blade. A typical alignment gauge which has improved precision and versa- 
verification device includes an elongated guide bar for tility. 
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It is a further object of the invention to provide a locating that ibe feeler rod engages t second point at the rear of tbe 
gauge [or use in a table saw to enable narrow pieces to be reference surface of the reference plate to obtain a second 
cut from a workpiece with improved accuracy and unifor- gauge reading. The first and second readings are compared 
miry. to determine if the arbor is at a right angle to the guide 

With these and other objects in view, as will be apparent 5 groove. In addition to the reference plate, the apparatus for 
to those skilled in the art, the invention resides in the verifying the stnughtaess of the arbor in a table saw also 
combination of parts and steps set forth in the specification includes a cap which is fixed to the free end of the arbor and 
and covered by Ibe claims appended hereto. a compression spring for mounting on the arbor between the 

reference plate and tbe cap to bias tbe reference plate against 
SUMMARY OF THE INVENTION 10 tbe stop on ^ arbor. This enables tbe arbor lo be rotated 

The present invention includes an accessory for a table relative lo the reference plate and stopped at periodic incre- 
saw which has a fixture which is connected to a self- . meats of rotation so that a gauge reading can be taken each 
adjusting guide mechanism for sliding in the guide groove in , time that tbe arbor stopped. 

the upper surface of the work supporting table of a table saw. The present invention also includes a method of and an 
The guide mechanism includes an elongated bar for sliding is apparatus for changing tbe alignment of ibe arbor if it is 
in tbe guide groove and at least two spaced yieldable determined by the verificatioii apparatus and method that tbe 
compensators which protrude from one vertical side surface arbor of tbe present invention is not at a right angle lo the 
of tbe bar for engaging one of Ibe side surfaces of the guide guide groove of the supporting table. The alignment tppi- 
groove of the supporting table lo maintain the opposite ratus and method of the present invention are applicable to 
vertical side surface at tbe bar snugly against tbe opposite 20 uble saws in which tbe arbor is supported far rotation on a 
side surface of the guide groove. More specifically, each cradle which is, in turn, pivo tally mounted between a pair of 
compensator includes a horizontal bore in tbe guide bar, a trunnions wherein each trunnion has a pair of flanges which 
phinger for extending beyond one of the vertical side enable the trunnion to be connected to the work supporting 
surfaces of the bar, a stop for limiting the amount by which table by a pair of bolts. Each flange has a vertical aperture 
the compensators protrude beyond the side surface of the 25 which is vertically aligned with a threaded vertical aperture 
bar, and means for biasing the plunger against Ibe stop. In in the work supporting table. The alignmeot apparatus of the 
one form of tbe invention, the fixture is a miter gauge. In a present invention includes a pair of L -shaped brackets 
second form of the invention, the fixture is an alignment having a vertical leg and a horizontal leg. The vertical leg 
gauge. In a still further form of the invention, tbe fixture is has a threaded aperture for receiving an adjusting screw. The 
a work locating gauge for cutting narrow strips from a 30 horizontal leg has a vertical bole for receiving a bolt, 
workpiece. Tbe present invention also includes a method of Realignment of the arbor is accomplished by removing tbe 
verifying the straightness of tbe arbor op which the cutting bolls, one at a time, which connect one of the trunnions lo 
blade is mounted in tbe axial alignment of tbe arbor relative the work supporting table of the table saw and positioning 
to the guide groove of tbe table saw. The straightness of the the brackets at opposite sides of tbe trunnion so that tbe 
arbor in a table saw is preferably verified by applying a 35 horizontal leg portions of the brackets are below the flanges 
reference plate which has a flat reference surface and a bore of the trunnion and the hole in the horizontal leg of each 
wbicb is transverse to the reference surface onto tbe arbor of bracket is vertically aligned with the aperture in tbe flange 
a table saw so that the reference plate rests against the with which Ibe horizontal leg is engaged. A bolt is extended 
conventional culling blade locating slop of the arbor and tbe through the hole in the horizontal leg portion of each bracket 
reference surface of Ibe reference plate faces the guide 40 and the aperture of tbe corresponding flange of the trunnion, 
groove of the table saw. The straightness of the arbor can be The bolts are threaded into the threaded apertures in the table 
checked by a saw blade which is not necessarily perfectly ^ support the L -shaped brackets and the trunnion but not 
flat as long as the saw blade remains stationary. An align- tightened so that the trunnion is loosely connected lo the 
menl gauge is applied to the guide groove of tbe table saw. supporting table and tbe trunnion is free to be moved 
The alignment gauge has an elongated guide bar for sliding 45 laterally a slight amount Tbe trunnion is moved laterally lo 
in the guide groove and a cross bar which supports a dial change the alignment of the arbor by rotating one of tbe 
gauge and a feeler rod wbicb is slidingly mounted relative to adjusting screws until it engages the end edge of the flange, 
the dial gauge for movement toward and away from the Additional rotation of the adjusting screw causes the trun- 
referencc surface of the reference plate. The alignment n ion lo move laterally toward the other L-shaped bracket 
gauge is positioned so that tbe feeler rod engages the surface so until tbe arbor is at a right angle to the guide groove of the 
of a reference plate and Ibe arbor is rotated to a plurality of table saw as verified by the verification apparatus of the 
angular positions relative to the reference plate while main- present invention. The other adjusting screw is then 
mining tbe reference plate in a fixed position so that gauge advanced until it touches the edge of the opposite flange of 
readings can be taken at each of tbe angular positions. The ih e trunnion so thai the trunnion is essentially locked in its 
right angle alignment of tbe arbor can be verified by apply- ss correct position with respect to the right angle alignment of 
ing the reference plale to the arbor so tbe plate extends the arbor with the guide groove of the work supporting table, 
through the slot for tbe cutting blade in tbe work supporting Escb adjusting screw is provided with a lock nut to make 
table and above tbe upper surface of the table The alignment sure that tbe trunnion remains in tbe coned set position. The 
gauge is applied to the saw so that the guide bar of the gauge trunnion bolls can then be tightened to secure the trunnion 
is slidably mounted in the guide groove and tbe feeler rod of 60 in the correct adjusted position, 
the dial gauge extends to tbe reference surface of Ihe DESCRIPTION OF THE DRAWINGS 

reference plate. Tbe alignment gauge is positioned at a first 

poinl in the guide groove of the work supporting tabic so thai The character of the invention, however, may be best 
the feeler rod engages a first point at the front of the understood by reference lo one of its structural forms, as 
reference surface of the reference plate to obtain a first gauge 65 illustrated by the accompanying drawings, in which: 
reading. The dial gauge is then positioned at a second poinl FIG. I is a perspective view of a miter gauge embodying 
along the guide groove of the work supporting table saw so the self-adjusting accessory principle of tbe present inven- 
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tioo and shown applied to tbe supporting table of a conven- 
tional table saw; 

FIG. 2 is a top plan view of Ibe miler gauge; 

FIG. 3 is a vertical cross-sectional view of tbe miter 
gauge, taken along tbe line III — 111 of FIG. 2 and looking in 
the direction of tbe arrows; 

FIG. 4 is a vertical cross-sectional view of tbe miler 
gauge, taken along the line IV— IV of FIG. 2 and looking in 
the direction of tbe arrows; 1Q 

FIG. 5 is a perspective view of an alignment gauge 
embodying tbe self-adjusting accessory principle of the 
present invention and shown applied to the supporting table 
of a conventional table saw, 

FIG. 6 is a top plan view of tbe alignment gauge; is 

FIG. 7 is a side elevational view of tbe alignment gauge, 
looking in tbe direction of arrow VD of FIG. 6; 

FIG. 8 is an end view of tbe alignment gauge, looking in 
the direction of arrow 8 of FIG. 7; 

FIG. 9 is a side elevation view of apparatus which is used 
for verifying the straightness of the arbor of the table saw 
which includes the alignment gauge of FIGS. 6-8; 

FIG. 10 is an end view the cap portion of the apparatus for 
verifying the arbor straightness; 25 

FIG. 11 is a face view of a cutting blade for a table saw; 

FIG. 12 is a face view of the reference surface of a 
reference plate which forms part of the verification appara- 
tus of FIG. 9; 

FIG. 13 is a rear elevation view of apparatus for aligning 30 
the arbor of a table saw relative to the guide groove iu tbe 
supporting table of tbe table saw and shown applied lo tbe 
back arbor supporting trunnion of the table saw; 

FIG. 14 is a top plan view of the arbor aligning apparatus „ 
of FIG. 13; 

FIG. 15 is an end view of the arbor aligning apparatus, 
looking in the direction of arrow XV of FIG. 14; 

FIG. 16 is a perspective view of a workpiece locating 
gauge which embodies a self-adjusting accessory principle « 
of the present invention and shown applied to tbe supporting 
table of a conventional table saw; 

FIG. 17 is a top plan view of tbe workpiece locating 
gauge; and 

FIG. 18 is an end view of the workpiece locating gauge, 45 
looking in the direction of arrow XVI11 of FIG. 17. 



pivot pin 25. The guide mechanism 24 includes ai 
bar 40 which contains a plurality of horizontal threaded 
bores 48. Each of the bores 48 contains a moveable plunger 
wbicb is generally indicated by the reference numeral 50. A 
screw 37 is fixed to one end of tbe bar 40 and extends 
upwardly through an arcuate slot 39 in the miter gauge 22. 
A locking nut 41 is threaded to tbe upper end of the screw 
37 for locking the miter gauge 22 to tbe bar 40 in any desired 
angle of position of the bar 40, relative to tbe miter gauge. 

Referring particularly to FIG. 3, each horizontal bore 48 
has a first opening 47 in a first vertical side surface 44, and 
a second opening 49 in the second vertical side surface 46. 
Tbe bore 48 has internal threads which correspond to the 
external threads of a plug 51 which is threaded into tbe bore 
48 as shown in FIG. 3. The plug 51 has a chamber 52, a first 
end wall 53 is adjacent tbe opening 47, and a second end 
wall 55 which is adjacent the opening 49. Tbe end wall 55 
has a groove 58 for receiving the blade of a screwdriver for 
rotating tbe plug 51 to selectively advance tbe pnig 51 
toward tbe opening 47 or to retract the plug 51 toward the 
opening 49. The first end wall 53 has an opening 54 into the 
chamber 52. The plunger 50 has a relatively wide portion 62 
which is slidably mounted within the chamber 52 and a 
relatively narrow portion 60 which extends through (be 
opening 54 in the wall 53 and through tbe opening 47 in the 
first vertical side surface 44. A compression spring 56 is 
located within the chamber 52 for biasing the relatively wide 
portion 62 of tbe plunger against the first end wall 53 so that 
the free end of tbe relatively narrow portion 60 of tbe 
plunger extends to an outer position beyond the first vertical 
side surface 44. Tbe plunger 50 is movable axiaUy against 
the bias of the spring 56 to an inner position wherein the 
outer end of tbe relatively narrow portion 60 of the phingcr 
is at least flush with the first vertical side surface 44. The 
plug 51 functions as an adjustable stop mechanism for 
limiting tbe outward extension of the free end of the plunger 
to determine the outer position of the free end of tbe plunger. 
The outer position of the free end of tbe plunger can be 
changed by rotating the plug 51 within the bore 48. Tbe plug 
51, plunger 50 and spring 56 constitute a yield able 
compensator, generally indicatd by the reference numeral 
61. 



The miter gauge 22 is positioned on tbe work supporting 
table of the table saw, as shown in FIG. 1, so that the guide 
bar 40 is slidably mounted within the guide groove 32. The 
free ends of the phingcr 50 bear against the vertical side 
surface of tbe groove which is furthest from and faces the 
culling blade. The plungers 50 bias the second vertical side 
surface of the guide bar 40 against the vertical side surface 
of the groove 32 which is closest to and faces away from the 
cutting blade 38. This insures that the vertical side surface 46 
will always be flush with the vertical side surface of the 
groove which faces away from the cutting blade 38 and 
which is closest to 'ho cutting Wade 38, regardless of how 
well Ibe guide bar 40 fits within the groove 32 or whether or 
not the guide groove 32 is uniform in width. If tbe operator 
prefers to use tbe groove 31 on the opposite side of ibe 
cutting blade 38, the plugs 51 are removed from the bores 48 
and reinserted into Ibe bores through tbe openings 47 so that 
the narrow portions 60 of the plungers extend through the 
openings 49. In Ibis orientation, tbe first vertical side surface 
44 is biased flush against ihe vertical side surface of tbe 
groove 31 which faces away from and is closest to the 
30. cutting blade 38. 

The self-adjusting accessory 21 includes a miter gauge 22 65 Referring particularly to FIG. 4, tbe guide bar 40 has a 
which is pivolally connected lo a guide mechanism, gencr- pair of vertical threaded bores 64. An adjusting screw 66 is 
ally indicated by the reference numeral 24, by means of a threaded into each bore 64 from tbe lop so that Ihe lower end 



Referring first to FIGS. 1-4 there is shown a self- 
adjusting accessory which is generally indicated by tbe 
reference numeral 21 and shown applied to Ihe supporting 
table of a conventional table saw which is generally indi- 
cated by the reference numeral 26. Tbe table saw 26 includes 
a workpiece supporting table 28 which has an upper surface 
30 which contains a pair of guide grooves 31 and 32. The 
table saw 26 also includes a ripping fence 34 which resLs on 
the surface 30 and which is slidably mounted on a pair of 
guide rails 33. The ripping fence 34 can be locked in any 
desired position on tbe supporting surface 30 by a locking 
mechanism, generally indicated by ihe reference numeral 35 
a cutting blade 38 extends through a slot 36 in upper surface 
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of the screw extends below the bottom surface 42 of ifae 
guide bar 40. The upper end of the screw 66 has a hex socket 
68 for receiving an alien wrench for adjusting the vertical 
position of the adjusting screw 66. The adjusting screw 66 
provides a vertical adjustment feature for the guide bar 40 to 
adapt the guide bar to the depth of the guide groove in the 
work supporting table of the table saw. Guide groove depths 
vary considerably between different makes of table saws. 
The height of the guide bar 40 is adjusted so that the lop of 
the guide bar is flush with the top surface of (he work 
supporting table and the fixture to which it is attached such 
as the miter gauge 22 is flush with (be upper surface of the 
work supporting table. The primary purpose of the adjusting 
screws 66 is to prevent the guide bar 40 from rocking within 
(be guide groove. 

Referring to FIGS. 5-8, there is shown a self-adjusting 
accessory for a table saw which is generally indicated by the 
reference numeral 70. The fixture of the accessory 70 is an 
alignment gauge which is generally indicated by the refer- 
ence numeral 72. The alignment gauge 72 includes a dial 
gauge, generally indicated by the reference numeral 76, 
which is pivotally mounted on a horizontal cross bar 74 for 
pivoting movement about a horizontal axis by means of a 
pivot pin 75. The cross bar 74 is connected to a guide 
mechanism 71 which includes an elongated guide bu 73 that 
extends transversely of the cross bar 74 as shown in FIG. 6. 
The guide bar 73 is similar to the guide bar 24 which was 
described previously. The guide bar 73 contains a plurality 
of threaded bores 48 which contain the plungers 50 and 
plugs 51 which are illustrated in FIG. 3. The elongated guide 
bar 73 also includes a plurality of vertical bores 64, each of 
which contains one adjusting screw 66 which is shown in 
FIG. 4 for vertically adjusting the guide bars 73 within the 
guide groove of the work supporting table of the table saw. 
The bar 73 differs from the bar 24 in that it has a threaded 
vertical aperture at a midpoint of the bar for receiving a 
screw 96 for connecting the cross bar 74 to the guide bar 73. 
The upper surface of the guide bar 73 has a horizontal slot 
93 for receiving the lower end of the cross bar 74 to maintain 
the guide bar 73 al a right angle to the cross bar 74. The cross 
bar 74 has a plurality of vertical apertures 94. The screw 96 
extends freely through any one of the apertures 94 and is 
threaded into the threaded aperture in the middle of the bar 
73 to enable the cross bar 74 to be mounted on the guide bar 
73 at a plurality of positions along the length of the cross bar 
74. This enables the accessory 70 to be used with different 
makes of table saws which vary in the location of the guide 
groove 80 relative to the cutting blade of the table saw. The 
screws 66 are adjusted so that the guide bar extends above 
the surface of the work supporting table and the bottom 
surface of the cross bar 74 is flush with the lop surface of the 
work supporting table. The dial gauge 76 is a commercially 
available gauge such as a model number 6OS-4O/70 manu- 
factured by Enco Company. The dial gauge 76 includes a 
circular bousing 86, a dial face 88, a dial 90, and an 
elongated feeler rod 92 which is slidably mounted into the 
housing for movement longitudinally of tbe cross bar 74. 
The feeler rod 92 has a free end wbicb extends beyond tbe 
end of the housing 86 and tbe cross bar 74. 

The accessory 70 has multiple functions, including that of 
an alignment gauge for verifying the alignment of the 
cutting blade of a table saw relative to the guide groove in 
the work supporting table of the table saw or for verifying 
the flatness of the cutting blade. Referring to FIG. 5, the 
accessory 70 is employed as an alignment gauge by posi- 
tioning the guide bar 73 within the guide groove 80 of the 
upper surface 79 of a work supporting table 78 wbicb forms 
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part of a table saw, generally indicated by the reference 
numeral 77. The work supporting table 78 of the table saw 
77 also includes a vertical slot 82 through which a cutting 
blade 84 extends. Tbe guide bar 73 is located in the groove 

; 80 so that the free end of the elongated feeler rod 92 engages 
the face of the cutter blade 84 at a first point to obtain a first 
reading of the dial 90. Tbe guide bar 73 is then moved 
longitudinally along the guide groove 80 so that the free end 
of the feeler rod 92 engages a second point on tbe cutting 

3 blade 84 to obtain a second reading of the dial 90. The 
second reading of the dial 90 is then compared with the first 
reading for verification of the alignment or flatness of the 
cutting blade 84, relative to the guide groove 80. The 
plungers 50 maintain the vertical side surface of the guide 

s bar 73 which is closest to the cutting blade 84 flush against 
tbe vertical side surface of the guide groove 80 which is also 
closest to tbe cutting blade 84. This eliminates any errors in 
reading of the dial gauge which could be attributed to 
variations in tbe guide groove 80. The pivotal mounting of 

3 the alignment gauge 72 enables tbe dial gauge to be rotated 
about the pivot pin 75 to a plurality of positions between the 
horizontal full line position shown in FIG. 7 to the dotted 
line vertical position shown in FIG. 7. The pivot pin 75 is 
threaded into the cross bar 74 and is provided with a socket 

s 81 for receiving a corresponding tool for rotating the pin 75 
for loosening or tightening the pin 75. This enables the 
gauge 72 to be adjusted relative to the cross bar 74 so that 
the free end of tbe feeler rod 92 engages the face of the 
cutting blade 84 al a point very close lo the top surface 79 

o of the work supporting table 78. This enables readings to be 
taken at two separate points on the face of the cutting blade 
84 which are considerably further apart than would be 
possible along a horizontal line which is spiced substantially 
above the top surface 79 of the work supporting table. This 

s provides a more accurate reading since any variation in the 
alignment of the culling blade relative lo tbe guide groove of 
the work supporting table is more likely to be delected when 
taking measurements at two widely separated points as 
compared to lairing measurements al two points which are 

0 closer together. 

The accessory 70 of the present invention can also be 
utilized for measuring tbe right angle alignment of the arbor 
of a drill press relative to tbe work supporting table of the 
drill press. This is accomplished by positioning the cross bar 

5 74 beneath the chuck of a drill press so that one of the 
apertures 94 is aligned with the aperture of tbe chuck and 
inserting a pin through tbe aperture of the cross bar and into 
the chuck opening. The chuck is tightened to secure the bolt. 
The dial gauge 76 is repositioned to the dotted line position 

o shown in FIG. 7. The chuck of tbe drill press is then lowered 
so thai the free end of the feeler rod 92 touches the lop 
surface of the work supporting table of the drill press to 
obtain a first reading. The cross bar 74 is then rotated about 
tbe bolt which supports the cross bar and the chuck so that 

5 the free end of tbe feeler rod 92 engages a second point on 
a work supporting table of the drill press to obtain a second 
reading. A comparison of the two readings of the gauge 76 
verifies if tbe chuck is at a right angle to the work supporting 
surface of the drill press. 

io Referring to FIGS. 9-12, the alignment gauge accessory 
70 is utilized in conjunction with other elements for carrying 
out a method of checking for all variables which contribute 
to errors in the alignment of the cutting blade relative lo the 
guide groove of tbe table saw and for verifying the align- 

ss merit of the cutting blade. The additional elements of the 
apparatus for alignment verification include a reference plate 
98 which has a flat reference surface 100 and a central 
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aperture 99. The surface 100 bas a plurality of radial 
reference lines 101 which are evenly spaced at a predeter- 
mined number of degrees, as for example, every 60° as 
shown in FIG. 12. The plate 98 is adapted to be fixed onto 
the arbor 102 of the table saw and rests against the slop 104. 
The verification apparatus also includes a cap 106 which has 
a cylindrical socket 114 for receiving the free end of the 
arbor 102 as shown in FIG. 9. The cap 106 is fixed to toe free 
end of toe arbor 102 by means of set screws 110. A 
compression spring 108 is adapted to be mounted on the 
arbor 102 between the reference plate 98 and tite cap 106 
and, preferably, bears against a washer 109 which is located 
between the reference plate 98 and the spring 108. The side 
surface of the cap 106 is provided with a plurality of facets 
116. fa the example shown in FIGS. 9 and 10, the side 
surface of tbe cap 106 has six evenly spaced facets 116 and 
bas tbe general appearance of a hex nut. 

The procedure for verifying tbe alignment of the cutting 
blade of tbe table saw relative to the guide groove of the 
table saw begins by first removing a plate 83 which contains 
the slot 82 for the cutting blade to expose the larger slot 112 
in the work supporting table 78 of tbe table saw. 

The first procedure to be completed is tbe verification of 
the slraighloess of Ihe arbor 102. This is accomplished by 
removing the cutting blade 84 and applying tbe reference 
plate 98 onto the arbor 102 so that it rests against the stop 
104. The alignment guide 72 is then positioned on the work 
supporting table so that the cross bar 74 is located within the 
guide groove 80 and the elongated rod 92 engages tbe 
reference surface 100 of the reference plate. The basic 
method for verifying the straightness of the arbor 102 
comprises maintaining tbe reference plate 98 stationary 
while rotating tbe arbor 102 for one complete revolution 
while pausing at regular angular increments to record read- 
ings from the dial gauge 76. Since the surface 100 is 
perfectly flat, tbe readings from the gauge 76 will be the 
same for all angular positions of tbe arbor 102 if the arbor 
is straight. A reference plate which has a reference surface 
which is not perfectly flat can also be used, as long as the 
reference plate is maintained in a stationary position. If the 
arbor 102 is crooked, the reading from tbe gauge 76 will be 
different. This procedure is facilitated by applying tbe 
washer 109 against the surface 100 of Ihe reference plate 98 
and applying tbe compression spring 108 onto the free end 
of the arbor 102. The cap 106 is then applied to the free end 
of tbe arbor 102 so thai it compresses tbe spring 108. The 
cap 106 is fixed to ihe arbor by set screws 110. This provides 
a biasing force against tbe reference plate 98. The cap 106 
provides a means for rotating the arbor 102 and Ihe facets 
116 serve as reference points to assist the operator in taking 
gauge readings at regular segments of rotation of the arbor 
102. In the example shown FIGS. 9 and 10 tbe hexagonal 
shape of the cap 106 serves as a guide for six readings at 60° 
intervals. 

When it is determined that the arbor 102 is straight, tbe 
next procedure is to verify tbe alignment of Ihe arbor 102 
relative to tbe guide groove 80 of the work supporting table 
78. This is accomplished by applying Ihe reference plate 98 
and the washer 109 onto the arbor 102 so that the reference 
plale rest against ihe stop 104 and the washer 109 rest 
against the reference plate 98/1116 reference plate 98 is fixed 
to tbe arbor 102 by applying the same nut which is normally 
used to secure the cutting blade to the arbor so that it bears 
against the washer 109. The alignment gauge 72 is applied 
to the work supporting table as described above for checking 
tbe straightness of the arbor. A reading is taken al tbe front 
end of the reference plate and a reading is taken at the rear 
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end of the reference plale. If Ihe arbor 102 is at a right angle 
to tbe guide groove 80 within a vertical plane, tbe front and 
rear readings from the gauge 76 will be the same. If tbe arbor 
102 is not at a right angle to the guide groove 80, the 
readings on the gauge 76 will differ, thereby indicating a 
misalignment of the arbor 102 relative to the guide groove 
of the work supporting table. 

If it is determined, by using the procedures described 
above, that Ihe arbor 102 is straight and that it is al a right 

, angle alignment with the guide groove 80 of the work 
supporting table, tbe last procedure is to verify the flatness 
of the cutting blade 84 which is being used on the tabic saw 
the cutting blade 84 has a central aperture US. This verifi- 
cation procedure is accomplished by mounting the cutting 

; blade 84 to the arbor 102 in tbe same manner as tbe 
mounting of Ihe reference plate 98 as shown in FIG. 9. The 
arbor 102 is men raised so that tbe cutting blade extends 
above Ihe lop surface 79 of tbe work supporting table to a 
maximum degree. Tbe flatness of the cutting blade 84 is 

} verified by drawing a plurality of radial lines 113 on the flat 
surface of tbe cutting blade which faces the guide groove 80. 
The radial lines 113 are spaced at even angular increments, 
for example at 60° intervals. The arbor 102 is maintained 
stationary and the cutting blade 84 is rotated for one rcvo- 

s lution while pausing at every 60° of rotation, as guided by 
the reference lines 113, to lake a reading from tbe dial puge 
76. If the cutting blade 84 is perfcelly Bat, all of tbe gauge 
readings will he the same. If tbe cutting blade 84 is Warped, 
then tbe readings from the gauge 76 will he different. Once 

3 it has been determined that tbe arbor is straight and tbe 
cutting blade is flat, Ihe alignment of Ihe arbor 102 can be 
verified with the use of tbe alignment gauge 72. The dial 
gauge 76 is pivoted relative to the cross bar 74 so mat the 
free end of Ihe elongated rod 92 touches the face of the 

; cutting blade 84 just above the upper surface 79 of the work 
supporting table 78. A first reading is taking al a first point 
on the cutting blade. The accessory 70 is tben moved along 
the guide groove 80 so that a second reading can be taken at 
a second point the opposite end of tbe exposed portion of the 

d culling blade. 

When il is discovered mat the arbor 102 is misaligned 
relative lo tbe guide groove 80 during an initial series of 
verification tests or at a subsequent time during use of a table 
saw, the arbor 102 is readjusted into a proper right angle 
alignment relative to tbe guide groove by the apparatus 
which is shown in FIGS. 13-15. The mechanism for aligning 
the arbor of Ihe table saw comprise a pair of L-shaped 
brackets, generally indicated by the reference numeral 126, 
for use with a table saw in which the arbor is supported on 
a cradle which is, in turn, supported between a pair of 
trunnions. A front trunnion is located at the front of the table 
saw and a back Irurmion is located at the back of Ihe table 
saw. The back trunnion which is illustrated in FIG. 13, is 
generally indicated by the reference numeral 118 and 
includes a pair of horizontally extending flanges 120. Kach 
flange 120 has an aperture 122 which is vertically aligned 
with a threaded aperture 124 in the work supporting table 78. 
A bolt 134 extends through Ihe aperture 122 and is threaded 
into the aperture 124 to secure tbe trunnion 118 to tbe work 
supporting table 78. Each aperture 124 is wider than tbe bolt, 
at least in tbe lateral dimension, to enable tbe back trunnion 
118 to be moved laterally relative to the work supporting 
table 78. 

Each L-shaped bracket 126 comprises a vertical leg 128 
which contains a horizontal threaded aperture 136 and a 
horizontal leg 130 which contains an aperture 132. If it is 
determined that realignment of the arbor is required. A 
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center bolt 137 is loosened, the bolt 137 extends freely 
through an oversize aperture in a flange 139 of the trunnion 
118 and is threaded into the supporting table 78. The bolts 
which hold the back trunnion 118 to the work supporting 
table 78 are removed and an L-shaped bracket 126 is 
positioned beneath each of the flanges 120 so that the 
aperture 132 of each bracket is vertically aligned with the 
adjacent apertures 122 and 124. A bolt 134 which is slightly 
longer than the original bolts which held the back trunnion 
is inserted into the apertures 132 and 122 and is then 
threaded into the aperture 124, sufficiently to support the 
back trunnion 118 but not tight enough to prevent the back 
trunnion from being shifted laterally. The aperture 122 is 
substantially larger in diameter, at least in the lateral 
dimension, than the bolt 134 to allow for lateral shifting of 
the back trunnion 118. Each L-sbaped bracket 126 includes 
an adjusting (or set) screw 138 which is threaded into the 
aperture 136. After it has been determined which direction 
the back trunnion 118 must be shifted in order to bring the 
arbor into alignment with the guide groove of the work 
supporting table, the set screw 138 on the L-shaped bracket 
126, from which movement of the cradle 118 must occur to 
achieve correct alignment of the arbor, is advanced toward 
the adjacenl flange 120 until it engages the end of the flange. 
The adjusting screw 138 is then advanced an additional 
amount to shift the trunnion 118 relative to the L-sfaaped 
bracket 126 and to the work supporting table 78 until the 
arbor is at a right angle to the guide groove of the work 
supporting table. At this point, the adjusting screw 138 of the 
opposite L-shaped bracket 126 is advanced until it engages 
the end of the adjacent flange 120. A locking nut 140 is 
threaded onto each adjusting screw 138 between the head of 
the screw and the outer surface of the vertical kg portion 
128. When the back trunnion 118 has been correctly posi- 
tioned and each adjusting screw 138 is in engagement with 
its respective flange 120, the center boll 137 is tightened. 
The lock nuts 140 are then advanced toward their respective 
vertical leg portions 128 so that the set screws 138 will 
remain in their set position and the trunnion 118 will be 
prevented from shifting laterally out of adjustment during 
subsequent operation of the table saw. The bolts 134 are 
tightened to fully secure the back trunnion 118 to the work 
supporting table 78. 

Referring to FIGS. 16-18, there is shown a third self- 
adjusting accessory of the present invention which is gen- 
erally indicated by the reference numeral 142. The accessory 
142 includes a stop gauge, generally indicated by the ref- 
erence numeral 144, which is connected to the bar 73 which 
is utilized with the alignment gauge 72 to form the accessory 
70. The stop gauge 144 includes a cross bar 146 which has 
a plurality of vertical apertures 148 which enable the cross 
bar 146 to be mounted within the slot 93 of the guide bar 73 
at a plurality of positions along the length of the cross bar 
146 by means of an alien screw 150. One end of the cross 
bar 146 has a notch 152 and a horizontal aperture 153 which 
extends to the notch 152. A generally rectangular block (or 
housing) 154 is located within Ibe notch 152 and has a 
horizontal threaded aperture 156 which is horizontally 
aligned with the aperture 153 of the cross bar 146. A screw 

159 is threaded into the aperture 156 for securing the block 
154 to Ibe cross bar 146. The block 154 also has a threaded 
horizontal aperture 158 which is at a right angle to the 
aperture 153. The threaded shank portion 162 of an adjusting 
screw or rod, generally indicated by the reference numeral 
160, is threaded into the aperture 158. The adjusting screw 

160 has a head portion 164 which has a knurled outer surface 
to enable the adjusting screw to be manually adjusted by 
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axial rotation of the adjusting screw within Ibe threaded 
aperture 158. Alternatively, the block 154 may include a 
threaded aperture 161 which intersects threaded aperture or 
bore 148, and a set screw 163 which is threaded into aperture 

5 161 for releasably locking the screw (or rod) 160 in any 
adjusted position. 

The stop gauge 144 is used as a locating tool for a 
workpiece to enable narrow strips to be cut from a 
workpiece, particularly for strips which are too narrow to be 

10 safely cut along the ripping fence of the table saw in a 
traditional manner. If the strips to be cut are too narrow, they 
are difficult to push through the saw between the cutting 
blade and the ripping fence. 
The slop gauge 144 of the present application is utilized 

15 by placing the guide bar 73 in the guide groove 31 in the 
work supporting table 28 of the table saw 26 so that Ibe free 
end of the adjusting screw 160 extends toward the cutting 
blade 38. The screw 160 is adjusted so that the distance 
between the free end of the adjusting screw and the flat 

2d surface of the cutting blade is equal to the width of the strip 
which is to be cut from the workpiece the block 154 has a 
threaded aperture 161 which intersects aperture 158 for 
receiving a set screw 163. In contrast to the other fixtures 
which arc utilized with the elongated guide bar 73, the 

25 vertical side surface of the guide bar which is farthest from 
the cutting blade is maintained snugly against the vertical 
side surface of the guide groove 31 which is also farthest 
from the cutting blade, due to Ibe biasing action of the 
plungers 50. When the free end of the adjusting screw 160 

30 has been adjusted to its desired position, it is locked in 
position by the set screw 163. The workpiece, which is 
generally indicated by the reference numeral 166, is posi- 
tioned on the upper surface 30 of the work supporting table 
28 so that the side edge of the workpiece engages the fixe 

35 end of the adjusting screw 160, as shown in FIG. 16. The 
ripping fence 34 is then adjusted along the upper surface of 
the table 28 until it engages the opposite side edge of the 
workpiece 166. At this point, the ripping fence 34 is locked 
in position. The workpiece 166 is then pushed through the 

40 cutting blade 38, which results in the cutting of a strip from 
the workpiece of a desired width. If another piece having the 
same width as the first piece is to be cut from the workpiece, 
the workpiece is repositioned against the free end of the 
adjusting screw 160. The fence 34 is readjusted to engage 

45 the opposite side edge of the workpiece and is secured in this 
position as before. The workpiece 166 is advanced through 
the cutting blade 38 to produce a second narrow strip which 
is identical to the first strip. This procedure can be repeated 
to produce as many identical narrow strips as desired. The 

50 self-adjusting accessory 142, which employs the stop gauge 
144, can be utilized with a cross cut fixture for cutting a 
plurality of pieces of the same length from a long workpiece. 
The stop gauge 144 is positioned so that the free end of the 
adjusting screw (or rod) 160 is positioned from the cutting 

55 blade 38 at a distance which is equal to the length of the 
pieces to be cut. A long workpiece is positioned on the work 
supporting table so that the end of the workpiece engages the 
end of the adjusting screw 160. 

Alternatively, the block 154 may include a threaded 

w aperture 161 which intersects threaded aperture or bore 148, 
and a set screw 163 which is threaded into aperture 161 for 
releasably locking the screw (or rod) 160 in any adjusted 
position. The workpiece is then advanced through the saw 
38. Subsequent equal length pieces can be cut from the 

65 workpiece by repeating this procedure. 

The cross bar 146 of the accessory 142 is nearly identical 
to the cross bar 74 of the accessory 72 so that the stop gauge 
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144 and Ihe alignment gauge 72 can be used interchangeably 
with either cross bar. 

Clearly, minor ehanges may be made in tbe form and 
construction of this invention and in the embodiments of the 
process without departing from the material spirit of either. 5 
Therefore, it is not desired to confine the invention to the 
exact forms shown herein and described but it is desired to 
include all subject matter that properly comes within the 
scope claimed. 

Tbe invention having been thus described, what is 10 
claused as new and desired to secure by Letters Patent is: 

1. A method of verifying tbe slraigbuiess of an arbor in a 
table saw which has a work supporting table and a guide 
groove in tbe upper surface of the table, wherein the arbor 
has a central longitudinal axis, a free end and a stop which 15 
is spaced from tbe free end of the arbor, and wherein Ibe 
guide groove extends transversely of Ibe central longitudinal 
axis of the arbor, said method comprising: 

(a) applying a reference plate which has a Oat reference 
surface and a bore which is transverse to tbe reference 20 
surface onto the arbor of the Uble saw so that the 
reference plate rests against tbe slop of Ibe arbor and 
tbe reference surface of the reference plate faces Ihe 
guide groove in the upper surface of the table saw; 

(b) applying a compression spring onto the arbor of the 
Uble saw; 

(c) applying a cap onto Ihe free end of Ihe arbor of Ihe 
table saw so that the compression spring is compressed 
and exerts a biassing farce against tbe reference plate; M 

(d) removably fixing the cap to tbe free end of the arbor; 

(e) applying an alignment gauge in the guide groove of the 
table saw, tbe alignment gauge having an elongated 
guide bar slidably disposed in tbe guide groove of tbe 
table saw, a cross bar which is mounted on tbe guide bar 35 
so Ibal it extends transversely of the guide bar, a dial 
gauge which is mounted on Ihe cross bar, and a feeler 
rod which is slidably mounted relative to tbe dial gauge 
for movement toward and away from the reference 
surface of tbe reference plate; 40 

(f) positioning Ihe alignment gauge on tbe table saw so 
that Ihe feeler rod engages the reference surface of Ihe 
reference plate; and 

(g) maintaining tbe reference plate in a fixed position w 
relative lo the work supporting table and incrementally 
rotating tbe arbor of the table saw to a plurality of 
angular positions for at least one complete revolution of 
the arbor so that gauge readings can be taken at each of 
said angular positions. jQ 

2. A method of verifying Ihe straighlness of an arbor in a 
table saw which has a work supporting table, a slot in the 
supporting table for the cutting blade and a guide groove in 
the upper surface of the table, wherein the arbor has a central 
longitudinal axis, a free end and a slop whicb is spaced from 5J 
Ihe free end of tbe arbor, and wherein the guide groove 
extends transversely of the central longitudinal axis of the 
central longitudinal axis of tbe arbor, said method compris- 



surface onto the arbor of the Uble saw so that the 
reference plate rests against the stop of the arbor, a 
portion of the reference plate extends through tbe slot 
in tbe work supporting Uble and above tbe upper 
surface of the table, and tbe reference surface of the 
reference plate faces the guide groove in the upper 
surface of tbe Uble saw; 

(b) applying an alignment gauge in the guide groove of 
the Uble saw, tbe alignment gauge having an elongated 
guide bar slidably disposed in tbe guide groove of the 
Uble saw, a cross bar which is mounted on Ihe guide bar 
so that il extends transversely of tbe guide bar, a dial 
gauge which is mounted on the cross bar, and a feeler 
rod which is slidably mounted relative to tbe dial gauge 
for movement toward and away from the reference 
surface of the reference plate; 

(c) positioning the alignment gauge on the Uble saw so 
thai the feeler rod engages the reference surface of the 
reference plate; 

(d) maintainin g the reference plate in a fixed position 
relative lo the work supporting Uble and incrementally 
routing ihe arbor of the table saw lo a plurality of 
angular positions relative lo the reference plate for at 
least one complete revolution of the arbor so that gauge 
readings can be laken at each of said angular positions. 

3. A method of verifying tbe right angle alignment of an 
arboi of a table saw to a guide groove in tbe upper surface 
of the supporting table of the Uble saw, wherein the arbor 
bas a central longitudinal axis, a free end and a stop which 
is spaced from the free end of the arbor, and wherein the 
guide groove extends transversely of tbe central longitudinal 
axis of the arbor, said method comprising: 

(a) applying a reference plate which bas a flat reference 
surface and a bore which is transverse to the reference 
surface onto the arbor of the Uble saw so that the 
reference plate rests against the slop of the arbor and 
tbe reference surface of Ihe reference plate faces tbe 
guide groove in the upper surface of tbe table saw; 

(b) fixing tbe reference plate lo the arbor of tbe Uble saw; 

(c) applying an alignment gauge in tbe guide groove of ihe 
Uble saw, the alignment gauge having an elongated 
guide bar for sliding in the guide groove of tbe table 
saw, a cross bar whicb is mounted on Ihe guide bar so 
that it extends transversely of the guide bar, a dial 
gauge which is mounted on the cross bar, and a feeler 
rod which is slidably mounted relative lo the dial gauge 
for movement toward and away from the reference 
surface of the reference plate; 

(d) positioning the alignment gauge at a first point in tbe 
guide groove of tbe table saw so that the feeler rod 
engages a first point on ibe reference surface of tbe 
reference plate to obtain a first gauge reading; and 

(e) positioning tbe alignment gauge at a second point in 
the guide groove of the of the Uble saw so that the 
feeler rod engages a second point on the reference 
surface of Ihe reference plate to obtain a second gauge 
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ABSTRACT 



A measuring device for measuring the thread start distance 
of a thread formed on an outer surface of a container finish 
is provided. The measuring device includes a base having a 
nisi surface for receiving a rim of a container finish, a 
support member, a gauge, and a counterweight to balance 
the measuring device on the finish. The support member is 
movably attached to the base and adjacent lbe first surface. 
Aside surface of the support element is in cool act with the 
container finish. The gauge is attached lo the base and a 
gauge actuator having a roller contact member is operative ly 
associated with the gauge. The gauge actuator measures the 
distance between the rim of the container finish and a thread 
start point of the thread of the container finish, S-d intension, 
as the gauge actuator moves along an upper base line of the 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to measuring 
devices and, more particularly, to a device for measuring an 
S-dimension of container finishes. 

2. Description of the Related An 

In the manufacture of containers, certain dimensions are 1 
requited to be within predetermined tolerance limits in order 
for the containers to function properly. In particular, (he 
upper surface of the container, commonly known as the 
finish, must be maintained within certain manufacturing 
tolerances in order to provide adequate cap retention for a 1 
liquid tight seal to be formed between the container finish 
and toe container cap. 

Variations in tbc dimensions of containers, particularly 
plastic containers, may occur during molding or trimming 
operations due (o many factors, including differences in tbc 1 
molds used to form the containers, shrinkage of the con- 
tainers after molding, materials used, curing temperatures, 
and trimming operations. 

In order to determine whether produced containers, such . 
as bottles, arc within predetermined dimensional tolerances, 
generally a sampling of toe bottles being produced is mea- 
sured to determine actual dimensions. This is especially true 
for tbc finish (Le., neck portion) of the bottles. For bottles 



measuring the S-dimension of a container finish rapidly and 
with minimal user error. 

SUMMARY OF THE INVENTION 

In one aspect of the present invention, a measuring device 
for measuring the thread start distance of a thread formed on 
an outer surface of a first container finish includes a base 
comprising a first surface for receiving a rim of the first 
container finish, a support member movably attached to the 

3 base and adjacent the first surface such that a side surface of 
the support member is in contact with the first container 
finish, a gauge attached to the base, and a gauge actuator 
operatively associated with toe gauge. The gauge actuator 
measures a distance between die rim of tbc first container 

5 finish and a thread start point of the thread of the container 
finish as the gauge actuator moves along an upper base line 
of the thread. Specifically, the distance between the rim of 
the first container finish and a thread start point is the thread 
start distance of the first container finish. The measuring 



device further includes a counterweight attached to the base 
to balance the measuring device on the first container finish- 
In another aspect of the present invention, a process for 
measuring the thread start distance of a thread formed on an 
outer surface of a container finish includes the steps of 
positioning a first surface of a measuring device on an upper 
end of the container finish, moving a support member of the 
measuring device in contact with a side wall of the container 
finish, contacting a gauge actuator with an upper base line of 
which will bold fluids, including consumer products such as M the thread wherein the gauge actuator is operatively con- 
detergents and bleaches, it is important that the S-dimension nected to a gauge having a display; and moving the gauge 
(i.e., start of thread dimension) is within predetermined actuator along the upper base line of tbc thread so as to 
dimensional tolerances so that a boltk cap will be retained 
properly on the finish and leaks will be prevented. The 
S-dimension is defined as the distance between the top of the 
sealing surface and the top of the thread or the uppermost 
location where a thread can extend as it is extended around 
the finish. The S-dimension is measured Bora the minor 
diameter of the thread or the base of the thread where the 
thread adjoins the outer wall of the finish. 

The S-dimension of a container finish can be determined 
by manual measurement with a caliper. However, such 
measurements will include inaccuracies which vary depend- 
ing on the expertise of a particular user. The inaccuracies 
occur due to the manual placement of the caliper, variations 
in the manual force applied to the caliper, and the caliper 
blades cutting into the soft material of the bottle finish, such 
as when the bottle is made of a blown thermoplastic. If the 
calipers are tilled just a slight amount, the reading will 
fluctuate. Therefore, the measurements arc very difficult to 50 
repeat. 

As an alternative to manual measurement with a caliper, 
container finishes may also be measured by an optical 
comparator. The optical comparator takes an enlarged 
shadow-graph of the bottle finish to provide a highly accu- 55 
rate measurement of the finish diameter. However, optical 
comparators are quite expensive and are generally not 
available at the location where the bottles are made. 
Therefore, when using an optical comparator, bottles often 
must be shipped to a laboratory for measurement, providing 6 o 
a very delayed determination of dimensional tolerances. As 
a result, a large number of reject bottles may be made before 
the error is corrected hy adjustments to the blow molding 
and/or trimming processes. 

In view of the above drawbacks of the known methods for 65 
measuring S-dimension of a container finish, it would be 
desirable to provide a measuring device for accurately 



vertical distance between a thread start point and 
the rim of the container finish. 

These and other features, aspects and advantages of the 
present invention will become better understood with refer- 
ence to the following drawings, description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. I is a schematic view of a fluid container having a 
finish portion; 

FIG. 2A is a detailed schematic view of the finish portion 
shown in FIG. 1; 

FIG. 2B is a lop view of the finish portion shown in FIG. 
2A; 

FIG. 3A is a side view of the gauge system of the present 
invention that is mounted on a bottle finish for measuring the 
S -distance; 

FIG. 3B is a detailed schematic view of the gauge actuator 
of the present invention; 

FIG, 3C is a cross-sectional view of the gauge system 
shown in FIG. 3A; 

FIG. 4 is a bottom view of the gauge system of the present 
invention shown in FIG. 3A; and 

FIG. 5 is a perspective view of the gauge system of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Reference will now be made to the drawings wherein like 
numerals refer lo like parts throughout. FIG. 1 illustrates an 
exemplary plastic container 100, such as a bottle, to hold 
fluids such as detergent or bleach, or the like. The bottle may 
be manufactured by combining a first half 102 and a second 
half 104 through a molding part line 106 using well-known 
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processes in the art of container manufacturing. In the S -dimensions of various bottle sizes with differing finish 

preferred embodiment, Ibe bottle may be made of high- opening diameters. In this embodiment, the gauge system 

density polyethylene. The bonk 100 may comprise a top 200 is adapted lo operate on bottles having 33 and 38 

portion 108 with a bottom portion 110, and a body 112 of the millimeter finish diameters (FIG. 5). The gauge system may 

bottle 100 is configured to retain fluids. A finish portion 114 5 weight about 900 grams. Exemplary dimensions may be 7" 

is formed as an opening shaped as a neck or a short tube length and 2.75" width. The base 202 may have a 1" height, 

where the fluids are filled into or dispensed out of the bottle and the overall height of the gauge (including top of gauge 

100. 204) may be 6". All machined pieces nude from anodized 

As shown in FIG. 2A, the finish portion 114 of (be bottle aluminum except support member 242 made from delrin 

100 may be integrally connected to the body 112 through a 1Q plastic, and the thumb screw is made of brass, 

shoulder portion 116 or shelf at a lower end 118 of the finish Referring lo FIGS. 3A and 3B, during the measuring 

114. An outer circumferential side wall 120 extends between process, a fust region 222 of the bottom surface 214 is 

the lower end US and an upper end 122 of the finish 114. On placed on the finish surface 136 of the finish 114. A gauge 

the outer circumferential side wall 120, the bottle finish 114 ac tuator 224 of the gauge 204 is then extended to contact the 

may have threads 124 for retaining a cap (not shown). In this upper base line 130 of the threads 124, and next the gauge 

embodiment, the threads 124 are defined by an upper surface ^ ^ ^ ralated ^aids ^ ^ d start point 134 to 

126 *L * record the Sdimcnsion. As the gauge system 200 is rotated, 

?i7 .t? e £i P h k ^ ^ gauge 204 records the distance between the upper base 

114. Further the threads 124 extend generally but not Vl J 13 ^ md me ^ ^ based on ^ertu*! 

necessarily, between the upper and lower end 118 and 122 77^ , . ~t . „. 

of the finish 114. The uppe7surf.ee 126 of the threads 124 20 dement °f ^J^*™*" °* . , A u 

may adjoin tbe side wall 120 under an obtuse angle and ^ illustrated in FIG. 3A, the gauge 204 is placed on the 

along an upper base line 130. Similarly, the lower surface upp* r surface 220 of the first arm member 216 and com- 

128 may adjoin the side wall 120 along a lower base line prises a front side 226 having a digital display 228, and 

132. The upper base line 130 terminates at a thread start control buttons 230 and 232 to control tbe gauge 204. The 

point 134 which forms the uppermost end of the thread 124 25 control buttons 230 and 232 may serve to perform a variety 

as in the manner shown in FIG. 2A. In this embodiment, the of functions to control ibe gauge 204, such as turning on and 

thread start point 134 is tbe first reference feature of an turning off tbe gauge 204, setting the zero readout, as well 

S-dimension 135. as changing the measurement mode between different unite, 

As illustrated in FIG. 2B, in a top view of the bottle 100, for example between millimeters and inches. The gauge 204 

the finish 114 may comprise an upper surface 136 or run and 30 may have a memory lo hold the height measurements as it 

inner circumferential side wall 138 defining a finish opening is rotated. However, measurements may be read off the 

140. In this embodiment, the upper surface 136 forms a digital display 228 by a user as well. Tbe gauge 204 may be 

second reference feature of the S-dimension 135. available from the Fred V Fowler Co, Newton, Mass. and 

Accordingly, in this embodiment the S-dimension is the sold under tbe brand name Ultra Digit Mark V. 

vertical distance between the thread start point 134 and the 3J As shown in FIG. 2B in detail and in FIG. 3B in 

upper surface 136 of the finish 114. As previously crass-section, the gauge actuator 224 may comprise a gauge 

mentioned, for containers which will hold fluids, including rod 236 extending through a hole 238 formed in the body of 

consumer products such as detergents and bleaches, it is the Brst arm member 216 of the L-bracket 210, and a contact 

important that the S-dimension of the container be within member 240, preferably a roller member, having a roller 

predetermined dimensional tolerances so that a cap will be 40 surface 242 lo engage or contact the upper base line 130 of 

retained properly on the finish and leaks will be prevented . the bottle 100, as in the manner shown in FIGS. 3A-3C Tbe 

Therefore, the S-dimension of the bottles must be routinely roller member 240 is movably attached to a first end of the 

measured to determine whether the distance 135 between the gauge rod 236 using any one or tbe well known attachment 

upper surface 136 and the thread start point 134 is in methods in Ibe art Tbe rotation axis of the roller member 

predetermined manufacturing limits. A gauge system 200 of 45 240 is preferably perpendicular to the gauge rod 236. The 

the present invention provides an effective tool to facilitate second end of the gauge rod 236 has a tip 244 for manually 

this measurement process. controlling the vertical position of the gauge rod 236. As an 

FIGS. 3A and 3B show the gauge system 200 of the example, tbe roller may be sized to have diameter of 

present invention which is placed on the finish portion 114 approximately W and a width of 5 Az". Tbe rod 236 may 

of the bottle 1 GO during the measurement process. The gauge so have a diameter of S M". Tbe rod and the roller may be made 

system 200 of the present invention may comprise a base of hardened and ground stainless steel. 

202, a gauge 204, and a counterweight 206. The counter- Referring now to FIGS. 3A, 3B, and 3C, the first side 208 

weight 206 comprises a cylindrical weight member that of the base 202 comprises an inner cavity 246 to movably 

allows the system 200 to be balanced on the finish portion retain a support member 248 on a cavity floor 250. The 

114. The base 202 comprises a first side 208, a second side 55 cavity floor 250 is a lateral extension of tbe bottom surface 

210, a lop surface 212 and a bottom surface 214. The 214 and is in [be plane of the bottom surface 214. During the 

counterweight 206 is attached to and extends from the calibration of the gauge system 200, the support member 

second side 210 on which the gauge 204 is positioned. In this 248 is contacted with the threads 124 on the finish 114 

embodiment, the second side 210 of tbe base 202 is com- thereby confining tbe finish 114 between the roller member 
prised of an L-bracket having a first arm member 216 60 240 and the support member 248. This, in turn, prevents 

perpendicularly attached to a second arm member 218. The lateral movement of the gauge system 200 but allows 
bracket 210 is secured to the upper surface 212 of the base rotational movement of tbe gauge system 200 during the 
202 through the second arm member 218 such that an upper measurements. As will be described in detail below, the 
surface 220 of the first arm member 216 is substantially support member 248 may be moved into a first position to 

parallel to the upper surface 212 of the base 202. 65 permit the gauge system 200 to operate on a 38 millimeter 
The gauge system 200 of the present invention can finish or it may he moved into a second position lo permit 
conveniently be custom manufactured for measuring the the gauge system 200 to operate on a 33 millimeter finish. 
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As il is moved io the cavity 246 and od Ifae cavity Boor while the ring finger is used to rotate the knob 270 permit- 

250, the support member 248 moves along a button 252 or ting one handed operation. Referring back to FIGS. 2Aaud 

a thumb nut which is placed on the top surface 212 of the 2B, accordingly, the knob 270 of the adjustment screw 258 

base 202. The thumb mil 252 holds the support member 248 u rotated and the support member is positioned for the 

at the predetermined positions by tightening the thumb out s desired finish diameter, in this example, 33 nuUimeters. The 

252. The thumb nut 252 is connected to the support member e tem 20 0 is then placed on top of the finish 114 as 

248 by a pin 254. The pm 254 is placed through a second in ^ raanQcr described above and aligned such that Ibe 

hole 256 formed through the body of the base 204. The roller ^ rC5t5 „ lbe ^ of the upper 236 of the 

second hole 256 may be a rectangular hole allowing the finish U4 Then, the knob 270 is slowly routed until Ibe 

button 252 to switch between the two predetermined posi- 10 m Uer240 slides on the side wall down to the upper base line 

uons. As will be described below, the support member 248 130 . [n order to obuin actnirate S-distancc measurements, it 

can be moved between the predetermined posiuons by ^ that the roller be placed on the upper base line 

rotating an adjustment screw 258 and hence moving the 130 fineT pitch of the adjustment screw 258 

support member 248 between these predetermined positions. advantageously facilitates this adjustment. At this point, the 

As mentioned, once the position is selected, the thumb nut 1S g, system 200is rotated so thai the roller 140 rolk up to 

252 may be temporarily locked at that position by tightening me thread ^ ^ 134, The bwest jading displayed on 

the thumb nut 252. the digital display 228 is recorded as the S-dimension 135. 

As shown in FIG. 4 in a bottom view, the base 282 is Upon completing the measurements, the onA)ff button 230 is 
surrounded by a reclangular-U shaped side wall 260 or Up pressed and the gauge system 200 is turned off. The gauge 
projecting perpendKniUrly from the bottom surface 214 and ^ sy5tem may bavc a measurement range of 0-1' with 
extending along an outer wall 2*2 of the first side 208 of the 0.00005" resolution, 0.0002" accuracy and 0.0001" repeat- 
base 202. The support member 248 is generally rectangular ability 

in H Sh ^« i ^. in rt^r effl ^ !r* "^^^ It should be understood, of course, that the foregoing 

ade waU 260. Dcperxhng on the diameter of the > flush being rcUles fcrred embodimctlts of ^ mvcnUon ^ Mat 

tested, the support member 248 may be laterally moved m „ u mmic departing from the spirit 

die cavity 2« m a fet direction 264 and m a second and f ^ fa jon „ b(lh m tDe bao9 ^ 

direction 266 by moving the adjustment screw 258 (FIGS. claim ^ 

3 A, 3C and 4). The adjustment screw 258 may comprise a w . ■ 

threaded I shafl 268 and a knob section 27* The threaded * A ^ for measuring tbe ^ 

shaft 268 * placed trough a hoi* =270 formed in a rear waH 30 djsi3jKx rf a ^ fonncd 0Q M out6r ^ „ ^ 

portionf 4of die side wall 260 and engages with a threaded ^ ^ comp^ 
bole 276 formed in a rear end 278 of the support member 

248. Depending on the direction of the rotation, the support , 

member 248 moves in the first direction 264 and the second ^ contajner * 

direction 266. When the support member 248 moves in the 3S » support member movably attached to the base and 

first direction 264 and into the first position as sbown with adjacent the first surface, a side surface of the support 

dashed lines, it contacts the rear wall portion 274 of the side member being in contact with the first container finish; 

wall. Tbe thread pitch on the threaded shaft is liner than most a gauge attached to the base; and 

adjustment screws, which makes tbe positioning of the a g auge actuator operalively associated with tbe gauge, 

support member 248 more precise. 40 the gauge actuator measures a distance between the rim 

A front end 280 of the support member 248 comprises a of the first container finish and a thread start point of the 

V-sbaped recess 282 having side walls 284 to contact the thread of the first container finish as the gauge actuator 

finish 114 when the first area 222 of tbe gauge 200 is placed moves along an upper base line of the thread, 

on top of the finish 114. In this respect, when the larger 2. The measuring device of claim 1, further comprising a 

diameter finish is measured (i.e., the finish diameter of 38 45 counterweight attached to the base, the counterweight bal- 

miliimeters), the support member 248 is moved in the first anccs the measuring device on the first container finish, 

direction 264 to provide sufficient space on the first region 3. The measuring device of claim 1, wherein an actuator 

222. Accordingly, when the smaller diameter finish is mea- is connected to the support member for selectively moving 

sured (i.e., finish diameter of 33 millimeters), the support the support member between a first position and a second 

member 248 is moved in the second direction 266 to provide 50 position. 

enough space on the first region 222 for the finish. In 4. The measuring device of claim 3, wherein tbe actuator 

addition, through the side walls 284 the support member is an adjustment screw. 

establishes two-point contact with the finish which also 5. The measuring device of claim 3, wherein when the 

improves stability of the gauge system 200, support member is in the first position a first surface of the 

The calibration and measurement of tbe S-dimension with 55 base receives tbe first container finish having a first predc- 

the gauge system 200 may be exemplified with reference to termined diameter. 

FIG. 5. As shown, a user may grasp the entire gauge system 6. The measuring device of claim 5, wherein when the 

200 and place it on the bottle finish 114 as in the manner support member is in the second position tbe first surface 

described above. Then, the calibration of the gauge 204 is receives a second container finish having a second prede- 

initialcd by turning it on by the on/off button 230. Next, tbe 60 termined diameter. 

gauge 204 is placed on a substantially flat reference surface 7. The measuring device of claim 6. wherein the first 

(not shown) and the roller surface 242 is contacted with tbe predetermined diameter is larger than the second predeter- 

reference surface. The gauge 204 is zeroed using the zeroing mined diameter. 

button 230 while holding the roller 240 against tbe flat 8. The measuring device of claim 1, wherein tbe gauge 

reference surface. After the calibration step, the measure- 65 actuator comprises a contact member and a rod. 

ment process is initiated. During the measurements, the base 9. The measuring device of claim 8, wherein a first end of 

202 can be gripped between the thumb and tbe middle finger the rod is operalively connected to the gauge. 



a base comprising a first surface for receiving a rim of the 
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10. The measuring device of claim 9, wherein the contact 
member is movahly connected to a second end of the rod. 

11. The measuring device of claim 10, wherein the contact 
member is a roller having a rotational axis perpendicular to 
the rod. 

12. The measuring device of claim 11, wherein the contact 
member is a roller having cylindrical shape. 

13. The process of claim 1, wherein the step of moving the 
support member of the measuring device in contact with a 
side wall of Ibe container finish comprises contacting a 
recessed surface of the support member with the side wall of 
the container finish. 

14. The process of claim 13, wherein the recessed surface 
contacts (be side wall of the container finish at two points, 
thereby stabilizing the measuring device on the container 
finish. 

15. The process of claim 1, wherein the support member 
is moved by rotating an adjustment screw. 

16. A process for measuring the thread start distance of a 
thread formed on an outer surface of a container finish, 
comprising the steps of: 
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8 

positioning a first surface of a measuring device on an 

upper end of the container finish; 
moving a support member of the measuring device in 

contact with a side wall of the container finish; 
contacting a gauge actuator with an upper base line of the 
thread wherein the gauge actuator is operatively con- 
nected to a gauge having a display; and 
moving the gauge actuator along the upper base line of the 
to thread so as to measure a vertical distance between a 
thread start point and a rim of the container finish. 
17. The process of claim 16, wherein the step of contact- 
ing the gauge actuator comprises con lading a roller member 
with the upper base line of the thread. 
15 18. The process of claim 1, wherein the slep of moving the 
gauge actuator comprises a step of rotating the measuring 
device until the roUer member reaches the thread start point 
19. The process of claim 18, wherein the thread start 
distance is the shortest distance displayed by the display. 

20 
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